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'OM  Afl'.  T I A . 1 ,<  r 

The  pure 


( nrtlinur  oti  »id»  t'  nte*  nnd  hv  blof^  numh^f) 

purpose  of  this  handbook  is  to  provide;  first,  a procedure 
for  evaluating  the  costs  of  a coal  gasification  plant  in  terms 
of  the  capital  investment  and  operating  costs.  These  are  to 
be  sensitive  to  several  parameters  defining  coal,  fuel  gas,  and 
sulfur  emissions;  second,  a procedure  for  the  derating  of  Navy 
base  boilers,  to  reflect  the  change  in  performance  resulting 
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from  introduction  of  fuel  gas  in  place  of  coal  or  oil. 

The  gas  plant  analysis  is  based  in  part  on  a detailed  analysis 
of  the  gas  treatment  section  of  the  plant.  The  remaining  part 
of  the  plant  performance  is  based  on  conventional  stoichiometry 
and  near  approach  to  equilibrium  in  the  gas  production  section. 
The  boiler  derating  method  is  based  on  observations  of  the  rela- 
tive contribution  to  heat  transfer  made  by  radiation  and  convec- 
tion, and  on  conventional  relations  describing  these  transfer 
processes.  \ 
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Section  1 


INTRODUCTION 


PURPOSES 

The  function  of  this  handbook  is  to  provide: 

• A procedure  for  evaluating  the  costs  of  a coal  gasifi- 
cation plant  in  terms  of  the  capital  Investment  and 
operating  costs.  These  are  to  be  sensitive  to  several 
parameters  defining  coal,  fuel  gas,  and  sulfur  emissions. 
Hand  calculation  is  practical. 

• A procedure  for  the  derating  of  Navy  base  boilers,  to 
reflect  the  change  In  performance  resulting  from  Intro- 
duction of  fuel  gas  in  place  of  coal  or  oil.  Hand 
calculation  is  practical. 


BACKGROUND 

The  techniques  of  computation  are  based  on  principles  discussed  in  the 
final  report  on  the  subject  contract.* 

The  gas  plant  analysis  is  based  in  part  on  a detailed  analysis  of  the 
gas  treatment  section  of  the  plant.  The  remaining  part  of  the  plant 
performance  is  based  on  conventional  stoichiometry  and  near  approach 
to  equilibrium  in  the  gas  production  section. 


n 


The  boiler  derating  method  is  based  on  observations  of  the  relative 
contribution  to  heat  transfer  made  by  radiation  and  convection,  and 
on  conventional  relations  describing  these  transfer  processes. 


*Clvll  Engineering  Laboratory.  Contract  Report  CR  77.013,  "Coal 
Gasification  Study,"  Bechtel  Corporation,  San  Francisco,  CA,  1977. 
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I’ROI-  iCIENCY 


Both  (irocodures  below  ore  to  some  extent  the  extrapolations  of  perfor- 
mances calculated  in  detail.  Their  accuracy  is  tied  in  part  to  the 

validity  of  the  base  system. 

• The  gas  plant  analysis  is  expected  to  be  capable  at 
nearly  all  heating  values  of  coal  (perhaps  down  to 
f),000  Btu/lb).  Fortunately,  the  thermodynamic  char- 
acter of  the  gasifier  performance  forces  the  calcu- 
lated effects  to  apply.  The  method  has  not  been  tried 
on  low  heating  value  coals.  There  are,  furthermore, 
limits  to  the  range  of  performance  which  can  be  rea- 
sonably described  by  the  gas  treatment  process. 

These  are  the  ranges  covered  in  the  computer  runs 
and  presented  in  graphical  form  in  the  contract  report. 

• The  boiler  derating  method  is  of  a proficiency  suf- 
ficient for  conceptual  design,  falling  off  in  accuracy 
as  extrapolation  is  lengthened.  Some  comments  on 
validity  appear  in  the  contract  report. 

GLOSSARY 

1.  Combustibles  — Considered  in  this  report  to  be  the  gaseous  compo- 

nents of  useful  fuel  value,  exclusive  of  H2S. 

2.  Fire  Tube  — A boiler  in  which  the  hot  gases  pass  through  the 

Boiler  main  exchanger  tube  bundle  "in-tube." 

3.  Fuel  Gas  — Considered  in  this  report  to  be  the  gases  from  the 

reactor  exclusive  of  water  vapor. 

Hot  Fuel  Gas  — Considered  in  this  report  to  be  all  the  hot  raw 
gases  from  the  reactor.  Cool  fuel  gas  is  con- 
sidered to  be  the  same,  but  leaving  the  waste  heat 
recovery  section  at  perhaps  350°F. 

3.  High  Heating  — Considered  in  this  report  to  be  the  higher  heating 

Value,  HHV  value  of  the  100  lb  coal  used  as  the  basis  for  the 
reactor  performance  analysis. 

6.  Product  Gas  — The  gas  exported  from  the  plant  for  consumption. 
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7.  i^iionih  Wiitor  'riu“  low  prt'ssurf  stt'atn  injected  for  quencli  purposes 

in  tile  entraineil  solids  reactor. 

H.  Savin^ts  — The  ratio  of  the  present  value  of  savings  offered 

Investment  by  the  subject  investment  program  divided  by  the 

Rates  (.SIR)  [iresent  value  of  the  investment  required  for 
instituting  that  program. 

9.  Service  — The  percentage  of  time  for  which  a plant,  or  section 

factor  of  a plant,  is  operating  usefully. 

10.  Sour  C,as  — A gas  containing  hydrogen  sulfide  and  other  minor 

sulfur  compounds. 

11.  Sweet  Oas  — A gas  free  of  sulfur  components. 

12.  Waste  Heat  — Generally,  the  recovery  of  sensible  heat  from  hot 

Recovery  gases,  but  more  specifically  in  the  present  anal- 

ysis considered  as  the  recovery  of  heat  from  the 
raw  hot  reactor  gases, 

13.  Water  Tube  — A boiler  in  which  the  main  exchanger  carries  water 

Bo i ler  "in-tube . " 
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Section  2 

GASIFICATION  PLANT  ANALYSIS 

SIIMM/\RY 

The  romput.it  ion  scheme  for  analysis  of  a coal  gasification  plant  is 
presented  in  this  section.  The  main  features  of  the  scheme  are: 

• Evaluation  of  gasifier  performance 

• Evaluation  of  gas  treatment  for  sulfur  removal 

• Evaluation  of  the  capital  and  operating  costs,  including 
unit  product  cost,  using  discounted  future  costs 

The  method  applies  to  typical  reactors  operating  in  a fluidized  or 
entrained  solids  mode  with  either  air/steam  or  oxygen/steam  as  blast. 
The  rationale  for  the  analysis  is  given  in  the  final  report  to  the 
Navy  for  the  present  contract.  The  results  of  the  analysis  are  con- 
sidered to  support  a conceptual  design.  Within  several  sets  of  results 
developed  from  the  analysis,  comparisons  can  be  drawn  about  the  per- 
formance and  costs  of  gasification  and  gas  cleanup. 

SYSTEM  DATA  AND  NOMENCLATURE 

Each  of  the  nominal  cases  represents  a different  gasifier  type  and 
blast  mode.  The  performance  of  each  can  be  characterized  by  a set  of 
values  set  out  in  Table  2-1.  With  these  it  is  possible  to  fix  approxi- 
nuUely  the  rates  of  flow  of  oxygen,  steam,  and  coal  necessary  to  oper- 
ate in  a manner  which  extends  the  past  experience  with  the  reactors. 
Similar  data  are  presented  to  support  the  calculations  in  subsequent 
parts  of  the  procedure. 

The  list  of  nomenclature  contains  the  symbols  used  in  the  computation 
procedure.  Units  are  identified  in  computation  steps. 
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NOMENCLATURE 


U's 

C , C 
P P 

c 

f(SO^) 

E 

■Ml 

,'U 

c 

AHf 

HHV(coal) 


HHV  (coal ) 


n 


0 

P 


Q 

EQ 

R 

wc 


R 

qc 


R 

oc 


\c 


R 

I 

T 

W 


Y 


Molal  heat  capacity;  Specific  heat 

Capital  cost,  dollars  , 

Emission  of  SO^ , lb  per  10  Btii  HHV  (Coal) 

Energy,  Btii  or  kWhr 

Enthalpy  change,  Btu/mol 

Heat  of  combustion,  Btu/mol 

Heat  of  formation,  Btu/mol 

High  heating  value  of  coal,  dry,  Btu/100  lb 
of  moist  coal  charged  to  gasifier 

High  heating  value  of  coal,  dry,  Btu/100  lb 
of  moist  coal  charged  to  gasifier,  for  which 
the  fraction  of  carbon  converted  becomes  Y 

Number  of  mols 

Total  number  of  mols 

Operating  cost,  dollars  per  year 
Pressure 

Heat  effect,  Btu 
Total  heat  effect,  Btu 

Ratio  of  total  water  to  carbon  charged  to 
the  gasifier,  mol/mol 

Ratio  of  quench  water  to  carbon  charged  to 
the  gasifier,  mol/mol 

Ratio  of  free  oxygen  to  carbon  charged  to 
the  gasifier,  mol/mol 

Ratio  of  blast  gas  (not  steam)  to  carbon 
charged  to  the  gasifier,  mol/mol 

Fraction  of  high  pressure  steam  going  to 
process  (165  psia)  use 

Temperature,  degrees  F 

Weight 

Fraction  of  gasified  carbon  which  is  carbon 
monoxide 

Fraction  of  carbon  in  coal  which  is  gasified 
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Xi 


Subsc  I ij' t s 


t'.iii.iiii  (lu.mt  i t i I's , usually  mols  of  a spocies  rc'present  iiiR  some-  por- 

of  a lary.e  tpiant  ity  or  associated  with  some  feature  of  the  system 
will  hi'  identified  by  the  subscripts  below,  if  not  by  other  commonly 
reco^tnized  svmbols. 

b 1 s t = Blast 


CKC 

= Cool  fuel  gas. 

from  reactor,  moist,  sour 

c 

= Combustion 

embs  1 

= Combustible 

evap 

= Evaporation 

FC 

= Fuel  gas,  from 

reactor,  dry  basis,  sour 

HFC 

= Hot  fuel  gas  from  reactor,  raw 

H.,,CO 

= Hydrogen/carbon 

monoxide  mixture 

1. 


Water  that  undergoes  decomposition 


H 


2 , f c 


Hydrogen,  net,  in  coal  after  some  loss  to 
combination  with  oxygen  in  coal 


H 


2,n,fg 


Hydrogen  net  in  fuel  gas  after  some  loss  to 
combination  with  oxygen  and  sulfur  in  coal 


hp 


"2 ’^2 


= High  pressure 

= 1 the  component,  or  process  features 
= i the  component,  or  process  feature 


PC 

= Product  gas 

qnch 

= Quench  water 

rc  t r 

= Reactor 

Stm 


Steam 


X 


Expans  Ion 


N iin^e r j^l_  Subscripts  — Performance  Study 


n 

1 

2 

3 


= Denotes 
= Denotes 
= Denotes 
= Denotes 


association  with 
association  with 
association  with 
association  with 


feed  coal  to  gasifier, 
blast  to  gasifier 
hot  raw  fuel  gas 
waste  heat  recovery 


Numerical  Subscripts  — Cost  Study 


1,2,3,  etc 


= Used  to  identify  capital 
items  as  indicated 


or  operating  cost 


S uperse ripts 
o 


Used  to  identify  a cost  item  as  belonging 
to  the  nominal  case,  as  opposed  to  a variant  case 
•’-3 


- -Si. 


Table  2-1 


GASIFIER  PLANT  CHARACTERISTICS 
DATA  SUPPORT INi;  USE  OF  THE  HAND  METHOD* 


1 

..  , 

Casifier  Ratt'S  and  Conditions 

Nominal  Cases 

* 

Case  1 

Case  2 

Case  3 

(1) 

(>xvj;en  blast/easeous  c'arbon,  R : 

oc 

R = n,  (0,,  blst)  n (C)  = 

oc  1 1 o 

0.450 

0.  365 

0.489 

■-  (^) 

1 

Wat or/^aseous  carbon.  R : 

wc 

R = [n,(H„0)  + n.,(11.0  )]  : n (C)  = 

WC  11  1 1 Q o 

0.5475 

1.193 

0.490 

‘ ( 1) 

Water  quench/gas  carbon,  R : 

qc 

n]^  (qnch) 

\c  ■ "-70-  ■ 

0.1966 

0 

0 

‘ (4) 

i 

Blast  gas  (not  steam) /gaseous  carbon 
= n^^CN^.O^) 

Be  , X R 

0^(02)  oc 

0.459 

0.372 

2.329 

(5) 

Enthalpy,  generated  steam,  ref. 
(liquid  water  at  70°F,  Btu/lb: 

1 

1 

j 

a.  h(stm,  blst) ; 

sat'd,  900°F,  900'^F;  65  psla. 

b.  h(stm,hp):  900° F;  1,055  psia 

1,133 

1,410 

1,440 

1,410 

0 0 

! (b) 

! 

Gp(N,j,02),  Molar  heat  capacity, 
blast  gas; 

7.1 

7.1 

7.1 

1 (7) 

Cp(Fuel  gas.  hot)  Btu/mol°F= 

8.43 

8.52 

7.96 

’ (8) 

Cp(Fiiel  gas,  cool)  Btu/mol°F  = 

7.35 

7.35 

7.1 

1 (1) 

Cp(slag)  Btu/lb”F  = 

0.25 

0.25 

0.25 

1 no) 

Reactor  temperature; 

( 

T ( reactor ) 

>200°F 

+MP(ASH) 

<200°E 

-SP(ASH) 

>200°F 

-SP(ASH) 

^ Ml) 

Fr.action  of  gaseous  carbon 
which  is  CO: 

1 

'1  = 

0.85 

0.672 

0.802 

*;.iitc:  Typ leal  values  onl^;  calculate  actual  values  in  procedure. 

Conversion  constant:  3,415.2  Btu  = 1 kWhr. 
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Case  2 


Case  3 


(13)  Frai  l ion  ot  carbon  in  coal 
convi'rteil  to  nas: 

Y = Anlbracite 

Y = East  ern/Mieiwest  l oal 

Y = Western  coal 

(13)  Eni-rgy  consumption,  >>rliiding  and 
miscellaneous,  kW,  plant-wide 

(14)  Fract  ion  of  high  pressure  steam  going 
to  process  use  from  lh5  psia  header 

R 

ps 

(13)  Compression  energy: 

(a)  Air-to-oxygen  plant,  Btu/mol 
(h)  Dry  blast  to  gasifier,  Dtu/mol 
(c)  Raw  gas  compression,  Btu/mol 

(Ih)  Recovered  energy  expansion  of  fuel 
gas,  Btu/mol 

(17)  (las  treatment  section, 

constants:  a: 

b: 

(18)  Capital  cost/field  cost  ratio, 

(19)  Gas  need  at  Claus  plant, 

Q(Claus)  Btu/hr 

(20)  Gas  requirement  for  drying  coal 
Btu/lb  evaporation 

(21)  Gas  treatment  pressure,  psia 

(22)  Identification  of  nominal  cases 

Bas  I s 

Blast  Mode 

Gasifier  Type 

Sulfur  Content  in  Coal,  % 

Sulfur  Emission  in  Gases  lb  S0„ 

per  10  Btu  HHV  of  Coal 

Gas  Treatment  Pressure,  Optimum,  psia 


0.34  0.21 


21 ,29(1 
9,218 
2,676 

1,354 


21,296 

9,218 

2,676 

1,354 


21,296 

9,218 

2,676 

1,354 


0.124 

0.016 

0.160 

0.110 

0.076 

0.294 

1 . 355 

1.308 

1 . 33 

1x10^ 

1x10^ 

2x10^ 

3,163 

3,163 

3,163 

O^/steam  0^/steam  Air/steam 

Entrained  Fluidized  Fluidized 
solids  solids  solids 


PROCKDURF,  AND  KXAMI’I.F.S 


A worker  using  t lie  rompiit.it  ion  scheme  st.irts  with  the  ultimate  .an.alysis 
of  the  coal  received  at  the  plant  and  considers  the  behavior  of  the 
g.is  i t ic.it  ion  proi'ess  on  the  basis  of  100  lb  of  this  coal.  Later,  he 
converts  his  performance  numbers  to  a basis  of  one  hour's  operation  ot 
the  plant,  .iiiii  still  later,  to  the  25-year  basis  for  finding  the  costs 
■ ind  life-cvcle  (irodiict  ion  of  gas. 

T.ible  2-1  is  the  source  of  characteristic  performance  data  necessary 
to  several  steps  in  the  computation.  The  values  are  more  or  less  self- 
evident  in  their  development,  and  their  validity  or  replacement  with 
values  pertinent  to  still  other  schemes  of  operation  Is  straightforward. 

The  worker  starts  with  the  ultimate  analysis  of  coal  and  on  the  basis 
of  100  lb  of  coal  entering  the  plant.  The  subsequent  drying  of  coal  to 
a lower  moisture  content  will  be  accounted  for  in  the  necessary  diver- 
sion of  fuel  gas  to  support  drying  operations. 

The  final  form  for  the  computation  of  average  gas  cost  is  the  same  one 
used  In  displaying  costs  in  the  report.  The  present  prices  of  coal  and 
electricity  are  used  in  computing  the  recurring  annual  costs  of  these 
i t ems . 

The  examples  attached  show  the  manner  of  executing  the  computations. 
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Inn  i s.s  i on  Ol  SO  , : 


I'rnilnot  I rom  ooinlnis [ i n n ol  I nol  i'.ns, 
lb  SO^/lo'’  Btu  imV  (runl).  6 o(S0,) 


I'lLim.iti'  Analysis  Ol  (,'oa  i : 


C.i  rbon 


% or  lb  por  100  lb  coal 


11yd  roy,L'ii 


Oxypcn 


N i l roKon 


S n 1 1 n r 


J?.CC 


W(H2) 

W(02) 

WlN^) 


Moist  nre 


w;ii,,o) 

Z 

W (Ash) 


To  I a 1 


Ash  Softening  Temperal nre  = 
Ash  Melting  Temperature  = 


J^5-QO  o, 
-Xd^Sa  o. 


Note:  W(evap)  = U'tll.O)  - W (ILO) 

c ri  2 


i^liCiDIiC  PA^a  BWJK-NOT  iTIUt^D 


RI'.AC  I'OI:  mU’OKMAM.i. 

II. IS  is:  100  Ih  cii.i  I , with  moislnri' 


C.iilsin  ;^',,.s  L 1 i I’.i  t i DU  Sue  Talilr  J-1,  i I ciiis  (11)  .mil  (IJ). 


tl.lll'DU  lOllVlTS  i DU  , fXpcH'LDd  Ir.lDtiDU 

R.it  Id  00/(00  + CO.j),  dx|U'CI(.uI  v.iIud 
I'Di'ilst  DC  1<  .ind  rc.sji^i  U uli.j  r 
xC.HS'hl  = 

ir(c)-vu)7i2 

o 


llvii  rouDU : 


Oxyp.DU : 


3/0  n _ = 

W ‘(II  ')/2  -■  W (o'  )7H) 
o 1 o 1 

/ (2  = 

w"  (0.,)  / 32 
o Z 

/.^/  /2H 


K (.V,)/78 
o Z 

/ 32  = 


Su 1 t u r : 


W^^(S)/  32 


•Mo  i sL  ti I'D  : 


y.44  /J8  = 

W (ll.,0)' 
o 2 


Oh.Tr ; 


W (Ash)  + (I-S)’x  W 7C) 

D O 


n (C) 

o 


l-^7g 


II  (H.^.fD) 
o 2 


C.  I8&> 


II  (0., ) 
o Z 


0^  \),i  I 

n ( .N  ,,  ) 

o 2 

g. 

ii^^(S) 

MdI 

u^^(H^O) 

^4-.4<^  lb 

W (ch.ir) 
o 


Hd.'U  of  combustion  fl  carbon  conversion  y , llllV'  coal: 

78  / X ( I 7 1 , <)  34  ) ^ J ^ ■*  0.0i//_^  (1  h4  , ()4 0)  = 

n'  (CV  X All  (C)'+  n (H7,‘fc")  x AiroQ  +'  n ‘(S)  x'”ah  (s') 
o I o 2 c 2 o c 

/ CXj'cjZC  lu  ,1 

HHV  (co.il) 

(All  = At  . w(  . X 5,770  lit  u/ lb) 

IliMl  ol  ct)nilMisl  i on  ^ full  conviTsion,  llUV  (roal) 

/C35-  + C.CS2L^  X f 7S'/’  x 173, ‘H4  = < 7/1  m u 

IIIIV  (cD.il)  -t  ri-Y)/r]  X n'  (0)'  X All  (0)  llllV  (co.il) 


PAiri  BUrJK-NOT  FILIL'ID 


asis.  101)  111  raal,  with  iiki  i si  life 


Ulasl 


/.  5-^7)':..  i n'  - [ C,!C"S  h XXP./S’i^,  ( ] = ■^ 

K X 11  (C)  - Cn  (M.,0)  + 2N  (0  ) 4 n ( Oncnc  h ) ] 

Wf  O ()  J O J 1 ■ . , . . , 


ihiiMU' h : 


C.I^U>:  4 7 S7 

K X II  (C) 


c.^sc  X 4.75/ 

Oxvi-an:  - . 

A K X n U.) 

I 1 ) 'll  o 

[ ( ) ; ,45r]  X 

■’  ‘ ^ ' L ( K,  -"'k  r k'~T X ’ll , ((),.b  Is  t ) 

h<’  or  oc  J z 

(■'.)*  (D* 


II  j (a nil) 


llj  (qiJL'llcll) 

^'’■7^  Mol 
iij  (O^bl  si. ) 

a (^43/  Mill 

rij  (N^blsL ) 


K>  ,1.'  I or  (l.i.'.r;. 


Carbon  nonox  i'.c : 


C S^>._4,7S/ 

i X n (C) 
o 


4./V  y.4-7S7  = 

( i - 0 X n (C) 
o 


4.ci>‘i[ 


C,7/S 


n.,(C0) 


..  4./V  y.  4-7S7  = Mol 

(.arbon  (lioxulo:  ,,  - - , ,,,,  , Uo) 

( i - 0 X n ((,)  n ((,()  ) 

o I ^ 

, , u.  -oi'>')y  4.7^7  - 2y^/S'4_  = (1^7  Mol  . 

(2  - 0 X n (C)  - 2x11,  (OMilsl)  ii/ll,0,) 

‘ ^14)  ^ 


Hy.l  roy,cn : 


N 1 c roi’L'ii : ....  / , \ 

11  (N  ) + n , (N  b 1st) 
o 2 12 

O.  C(,  i5”  = 

Sulfur  .IS  liyiJrcnien  sullide:  — 

a (S) 
o 


/ 47^  _ r,  Cio-i  4 /•  74/7  = 

II  (H.,  , r (■')■■-  n Ys)  +'Y(¥7V,-) 

o 2 o 2 d ^ T - 

O ,tfiC  i 7>.04  b 


S.6lb 


n,(Il.,) 


e>.04  7>  Mol 

77TT  (29) 

n^(N^) 

(C.C^Zb-  Mol 

777  ^ 

n .,  ( s ) 


W.itor  Vapor: 


c.fc  r^  t l‘7»o  ^ + 2x  c,iU  - 1.197 

11  (11,0)  + 11,  (still)  + n ((jiu  li)  + 2x11  (0  ) - II  (11,0  ) 
o 2 I 1 o 2 2 a 

(5)  (27) 


A 414- 


a ,(11^0) 


PT  h-CaDIiC  PA  iji  BLAfJK-NOT 


FILiL';D 


■ 


I’j.isi;;:  l()(l  II)  I D.i  1 , with  ninisliirc 


(>)nibii:.t  i i)  1 1's  : 


;’x4V5'' .^x  = 

\C.)  - <^11  (0  1)  1 si  ) *+  n (11  fc)  - n (S) 

()  1 / \\  I n 

( 14)  ^ . h S'2-  Hi  i I 

( I'mhs  1 ) 


'lolal  hot  raw  g.is  : 

^.7V,7  + /.^/53"  4- 

j.ca  / ^ c.G^/3 

4 0. 

n u;)  * 
u 

n , (H  , ,N,  ();)  + n 

j ,(11,0)  + n2(N^) 

+ n,(ll2S) 

(41) 

(42) 

s-m 

j:n  . 
1 

iii’at  b 11' eels 

Heating  value  ol  fuel  gas, 

except  ing  11  ,S  : 

X 122,157 

- 

n (Ik, CO)  X AH  (H,,CO) 
0 2^j2)  '•  “ 

(}  (SweoL  (;as) 
(• 

He.it  rele.ise 

i n iH-.ic  tor: 

4.7S7  ^ 17'j,9i4  - 

p#.7S-/ 

X [2  X 122,157] 

= irion  luu 

n (C)  X All  (C)  - 

0 c 

[n^^(C)-n  1 ((f2)'i 

X T2A11^,  (H^,C0)] 

0 ( re'.ic  lor) 

(14) 

(32) 

ill', it  rele.ise 

■ in  combustion 

of  1 1 ^ S : 

G cer‘T 

X 241,092  = 

J 5 Obi'  Ht  „ 

n,,  (H2S) 

X AH  (H^S) 

r L 

q^dl^S) 

Sum  ol'  hi'.il  n lu.ise  effects; 

^ = lOW^  Bi.i 

n (SwucL  g;is)  + ()(reacLor)  + l)^(H,,S)  B() 

llisUiiii',  valiu'  ol  imronvcTteci  carbon  in  char: 

‘ ^ ^ A X L (1  - .fr)  Afi  j 4 i > 2- 

All  ('C)“  x n (C)  xt’O-Yy/’y  ] (>  (Cliar) 

c o c 


Mi  see  I laiK'Ous 

n (lb,  ,fc)-  n (S)  = 
l)  z o 


n^(H^O) 


+ njOI^O^)  . 

(-’O 


112(112  . yo 


( U)\ 


( n 


04 


(35 


(3b 


(37 


(38) 


(41) 


f,  4/S^ 

-?•  ^2/ 


(42) 


■Hr&.CiDIiC  Pa''.£  ELA.fflC_NOT  i'lUUV 


« *w.*A 


li.isis:  100  11)  co.i  1 , will)  moistiiri' 

Os  t.  ijii.i  t i ()i-  i)  I Sli’.im  Ociu‘ r.i  t i on 

llt'.U  ailililii)ii  to  tiMiloi"  as  sli'.nii  blast  (rcl'd  to  70"l'),  lUii: 

r-f47j 


l.'2iC  ...  /t33 

n Istm)  X 18  x h(slni) 

(12)  r,a)* 


0 


(50) 


'1  ( s t m ) 


lioat  atbliLion  to  reactor  as  blast  );as  (N.^,0..),  Bin: 


[n,  (t), 


X 7_.  1(2^70"|-)  = 

; "(T."- 
p 1 n 


£340 


lU  o 


^ (i.  70  l) 

I <_  \Z  1 n ' 


0,(N^,O,) 


,)  + 

UA)  ((.)'' 

Ile.it  .uldition  to  reactor  as  warm  coal  from  drying  process: 

4 3 m 


(51) 


( 1 00  J 7.  CO  )_x_  0.25  X (2CC  - /O)  = 

(100  fb'  - W ) X C'  "x'Tf  ” V 70) 

I'vap  p foa  1 

*Vf 

ikMl  loss  from  reactor  as  liot  sla^;: 

X 0.2b  X (20CV-_J0\  = 

W(sl,ii’j  X O'  X (T  , - 70) 

p sl.ig 

( 0 ) ‘ 

lle.it  loss  from  reactor  ;ts  exit  cool  fuel  gas: 
(^•,7  7’y  /.  X ri-jC  - /t  ) = 


Q^^(cual) 


(52) 


7/5 '3  r, 


I II 


Q(s  lag) 


if-^4  79  It. 


(5  1) 


(?ai  . ) X ( 

dpfCFC;  X (150  - 70) 

o(ci't;) 

Oil 

(8)* 

fot.il  lie.it  ri’le.ise  to  hot  raw  product 

gas  : 

//  y t vy 

^ r-2  47^  + C J4C  + 4 J (^2. 

- //  i>/5 

^2Ci447V-\  u 

Q(rctr) 

+ O^(stm)  + l)(N^,0^)  + ()(coaL) 

- ()(cli.ir ) 

()(iir;) 

Tempe r.i t 11  re  readied  in  reactor: 

41  / ! 

\y43  ^ + 70 

odifc)/ 

[c  (hr;)'  X 'jar.]  + 70 

T(rctr) 

'’(7)* 

(l.ise  1 : 

fliis  Lempi'rature  sboiilil  be  ,it 

least  2800 

"I- 

C.e.es  1 

.2.  f/1:  Sie  Item  (10).  TabU-  2 

- 1 . 

(5A) 


(55) 


(5b) 


See  Tab  1 e 2- 1 . 


See  Design  Hasi.s. 
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PTIiCiiDIiG  PAit  BLA^JK-N0T  PILit'iD 


li.is  is:  I (U)  I I)  fd.i  I , with  mn  i si  ur 


1 

I (irnrr  .1! 

inn  0 1 ill  j'.li 

1 1 1 1 ■ s s n f e S 1 

earn  hy  w.islc  heat  r 

1‘covor  y 

1 . 

( .ISl'  1 

im 

1 v; 

f 3^5  4^'/ 

T 

/S4  7i  - 

! 

II 

0 

117. 

4 

1 h 

1 '1)  ) 

- 

ii((:i-c)  - 

It  (St  m 

)]  : 

ll(sLlil,  Iip3 

( S t III  , 

Im ) 

1 ')h) 

( V', ) 

(S 

h)  , 1,1 1)  In  2-1 

> 

li.lSt'  i 

on 

1 v: 

[ 

]: 

= 

III 

(S.S)i 

[ii(m-c) 

- 

o((;i'C)]  : 

1 1 ( -■ . t ni , 

lip) 

w. 

( S t III  , 

lip) 

iV>) 

(V*) 

(5h)  , 

'I'ab  1 e 

2-1 

) 

Case  3 

on 

ly; 

[ 

- 

- 

1 

: - 

(5y; 

" 

I)(a-'C)  - 

: li(stm,  hp; 

( s t tn , 

li[) ) 

H PA  id  BL,^r&C_NOT  prLl  L';D 


I’l.AM'  si  Ai.r 

COAl.  llANDUNi:  AND  ( :AS  I I' I ( ;A'M  ON 


B.tsis:  100  lb  i-o.il  or  1.0  bour,  as  notoil 


Coal  Kata',  Ib/hr 

(2^0  X 10^  :;tu/br)  X 100  lb:  f ] = jY’O^b/li 


t250  X 10*’  lUii/hr)  X 100  lb:  [o  (H.,C0)  + O (H„S)1  '''(Coal) 

(■  / c z ' 


Assemble  nrovious  results  in  71  or  72.;  compute  entrit's  for  7'}.,  7A.  , 

11  11 


7n . ( See  not  e ) . 
1 


Source  Cvim.ioneiil  ' (Cisis;  100  lb  Co.il  j basis:  1 Hour's  Operation 


(70)  a Coal  j 

• 100 

Blast  ! 

( 1 2 ) b S t m 1 

1!  .L-  L 

(14)  c ().,  1 

(15)  d N,, 

/ //4> 

e(SubN) 

• 4l,  72. 

( 1 i ) 1 Oiii'ilell 

V.  Tot.il 

• XO'i.c't 

\ 

• 

hlOC 

54,1 

Z'  i2>4~ 

647 

C.C4M 

/3 

2.  >‘■17 

•!0Z\  NA 

C.744 

• Zl(3  MA 

4.3AC 

• 1304-  NA 

Ft  f 1 uent 
b Kvap 


(2S)  i 
I2b)  k 

(28)  1 

(29)  m 

(30)  n 


Kvapn 
Sour  (liis 
CO 
C0„ 


c-7 . ^ 

y.2'1 


(H^S) 


() 

Ol)  p 

(3))  (| 
(9)  r 


Drv  i'C 
II  ,0 


dii'c) 

('.bar 

•'  ,U  1 1 


• I % / 

• 208, SC 


4-  cifi 

c/ue> 

z.uy> 
c . cus~ 

Ic42^ 

^'67hY 


i2Z^  0.5^  7 
0,  o^y 
78^  C , S4ir 
16  ,VlZ^ 
/ y C,  006^ 


28.010  34S24, 

44.010  '"fSLC 


mj 

426 


2.01b 

28.01b 

34.07b 


18.01b 


/ 

fi4 
644. 
'aVTt^ 
7 1/C 


•!)4-4S(> 

• 7 3f>h 

• ^'2/t4 


Note:  731/721  = 7bl/71i  = (-.'(Coa  1 ) / 1 00 

^ 71  i/721  = 7bi/73i  = 751 

Sec  Design  Basis. 


I 
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i^--£cEvm  FAii,  Curnc-NOT 


s’lUl'.D 


PLANT  SC'AI.l'  Pi:Rl-OKM;\N(;t; 

LNEKCY  I'.iT'T.CTS 

ILisis:  100  lb  coal  or  1.0  hour,  as  luUi'il 


PA"i£  BLANK-NOT  BIDLOD 


IM.AN'T  COSTS 


C.ll)  i 1 Cos  t K 

Oxyi'i'ii/Air  IM.int: 

f(N  + N ,)  7 (N"  + N‘;)i  • ’ 

('  tl  C (J  X 


(73^)  (73^,) 


7i>H- 

— — 

X ‘'l 

(See  Note) 


S I 00() 


/i  0“^- 

F 


C.KS  i t ic.iC  ion  Module: 


[jfc‘»‘?/.7jys]  X -^-42^  = 
rN  '7'Nix  c;' 

<I  <1  2 

(7  3^^)  (see  note) 

Compression/Expansion  ; 


U-t7//;a/()  X <7t^C?  = 

( N /N  ”')  X C" 
o 3 

(7  3^^)  (see  note) 

Cns  Treatment  Module: 


c . 


t ]}  X J l_-W/^x_l_n[  J7.fcc^  / J.l, 

{1  + a X [w  (S)  - W"(S)^}  X (1  - b X lntt'(SO  )/e°(SO  ) Jx  17 

O O I I i 

(17a)*  (7)  (17b)*  (See  Dcsit'ii  Basis) 


*Sei- 

Table  3-1 

1 . 

Note : 

Va  1 lies 
Keport  , 

lor  (!  , lor  till'  nominal  easis,  are  in  1 lu' 
, Appendix  1'. 

1'  i na 

Wh,CaDIiC  PA'li  BL^f^K-NOI 


ij'rLit-:D 


111 ’ 1 1 I’l  i'i'.i  r.i  1 i iin  Moilii  1 r : 

$1 ,000 

[ ScC’LO  . ■^C/OC  ]•  ' y,  j7^f5C 

(89) 

['.vlC,-..!  ) ,■  V'lC.i.il  )]-'7  X 

S 

I'tililu'.,  I’ipiii);,  Disposal 

I'onsLanl 

^72.7 

(90) 

"b 

Di  roi  1 I'ioKl  C.osl  : 

J2a  /;2<L 

(91) 

Sur. : C,  + i;  + (•  + C,  + ('  + C 

12  ) a j 6 

— 

"7 

1 Tolal  C.apilal  (lost 

(92) 

1 

I X ( f ) = 

1-  X (Cj^/C;) 

1 (!«)'•= 

‘‘8 

Opo  r.iL  1 lip,  Lu.sts,  Annual,  Basod  on  90",' 

•Service  lac  tor 

$ 1 , 000 

Coa  1 ,1  W(Co.il)  lb/ hr: 

(9b) 

( 3vv(>0  / 2.000)  X (Z.HKO  iir/vr) 

;23' 

(W(Coai)/  2,000)  X (7,K89  lir/yr)  . 

($/ t on) 

O(coal) 

liloclrii:  powor  0 kW: 

no 

(97) 

(l.ji  ) X (7,889  hr/vr)  (S/kWhr) 

0(pwr ) 

1 (81  ) 
1 

1 

1 

I Catalyst,  Chomioals,  t rom  Nominal 

j litpi  i pmon  t , Supiilies,  UCiiilios 

1 Oporatinp  Porsonnol 

1 Ma  iiu  fn.inct'  Malorials  and  Labor 

1 

Case  : 

1 

(9H) 

From  Report,  SubLotal,  0 (Misr)  = 

Ml  sc) 

i 

>1  *Soi'  l.ihlc  2-1. 


2-27 


(i.ri  I’rndm  1 inn  nv<'f  i Vc.ii:-,  li.i'.cil  nil  Imiirly  r.ili'S 

[ x/o  ~ /^/o^  ] X ().\<n  X U)*' 

[o  (Swi’i't  C,ih)  - W (cv.i|))  X - (.!  ( (i  I .ms ) ] x 0.197  x 10*’ 

(H7k)  C7c/?)  {20}  (19)-' 

4v.  s“^  y/o'^  BTV 


(99) 


Kld’C) 


Ccst  cl  ^nS  hem  pncjron} i ^ 


2-31 


K'UKKSm.KT  KOK  I'l.AN'l'  ANALYSIS 


DI.SILN  I'.ASIS  C/\St  Z \yf\RlAN  t 

Ki’.u  i iir  L.ij'.ic  i I y ; 

Ik'.ilinr,  v.i  1 Ilf  1)1  rf.iilor  oiitpul,  sour,  I'jlu/lir 


- 250x10 


Lmissioii  Of  SO.,; 

I’ri'iiiu't  t roiii  (•oinbust  ion  of  fuol  Has, 
lb  SO,/ 10^^  lUu  IIIIV  (co.il),  o(SO.,) 

i'ltini.ao  An.ilvsis  Of  0o;i  1 : 


0.1  rbon 
11yd  ro^on 
Oxygon 
Nil  rogoii 
Su 1 1 u r 
Mo i s t ure 
Ash 

Tot  a 1 


Ash  SoftiMiin^;  Tc‘m|U’r.iture  = 
Ash  .Mi’ltiiiK  Tomporat  ure  = 


.Noto:  Wft'v.ipj  = W(ll  0)  - W (II. ,0) 

O / 


% or  lb  per 

100  lb 

U>.  -f  7 

W(C) 

1 ro 

W(H^) 

S.'tL 

W(O^) 

i,4l 

WfN^) 

2,  VO 

W(S) 

Si  00 

W(H^O) 

W (Ash) 

100 

£W_oj, 
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PA  ici  BL.\rJK_NOT  i;’rDI,-;D 


Ki-'.ArioK  I'l'.KrokMANci; 

I'.isis:  100  11)  c(i,il,  with  tiio  i ,s  1 u re 


C.iibon  r,,is  1 1 i I ,1 1 1 Dll  See  Tnbli’  2-1,  i I dims  (11)  .iiul  (12). 

C.irl'Dii  lOnvD  1).  i Dll , i'X|n.'i:  Led  IrarLion  y - 

R.itio  (A)/(C0  + (H),),  expected  v.ilue 
Feeds t DC k ajul  ri|Sii_l  t Ln^’,  eliar 
X CYl  / 1 2 = 


Carbon : 


w'  (C)  X (y)/12 
o 


Hvd  roju’n : 


Oxyr.eii : 


?,  /C  /2  - 'i  / lb  = 
o 2‘ 

S.fL  / i2  = 


W (11.,) /2  - W (().)/ lb 


W (0,)/32 
o 2 


N i L ro>;cn  : 


l‘*l  /2K 

W (.V,)/28'' 
o 2 


Siii  t'ur  : 


.x.i  1 sL  lire 


Clia  r : 


j.CC  l \:\  = 

W (S)/  i2 

O 

t)  CC  / 1 8 = 

WII2O)  ■- 

{h.myM-fJ  _ 

W (A.sh')  V (T-  ')x  W (C)' 

O D 


0.  i'i 


•4  , 


Mol 


n (C) 

1) 

1.4 

Mo  1 

n (11 

.,.fc) 

0 

2 

t) 

Mo  1 

n 

(0.;) 
0 1 

Mol 

n 

(N„) 

0 2 

C.0C2^~ 

Mol 

n (S) 

C) 

c.Sin 

Mo  1 

n 

0 

(H^O) 

,7L// 

lb 

W (char) 
o 


( I ) 

(2) 

Vi) 

(■'<) 

O) 

(0) 

(^) 

(8) 

(9) 


Heal  of  rombusL ion  0 carbon  convursion  y,  HHV'  coal: 


^.4<!i(>^x(l  7i,9Vt)  + _/,  x(  122,97b)  + ^ ( 1 KA  , fiAO)  = 

x'  All'CS) 
c 

f7J  aV2>',u„ 


n (C)  X All  (C)  + n x All  (H,,)  + n (S)  x All  (S) 

o i-  o 2 c 2 o c 


HHV  (coal) 


(All^  (S)  = At.  wt  . X 5,770  lUn/lb) 


Heat  ot  conibiisLion  I'l  full  conve  r.s  1 on , HHV  (cu.il) 

/ ? /i,  lu  II 


+ (((-A  V'Mj’tlx  4,4 i r y,  171,')  14  = 

(eo.ii)  -(  ri~y)/r]  ^ b (C)  X AH  (C) 

o e 


HHV  (eoa 1 ) 


(10) 


(II) 
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i^iC=.DliC  PA'ic,  BUrJK-NoT  BlLIt-D 


I’i.i:.is;  ion  11)  I .1,1  1 , with  miiistur.' 


i h i <■:■. : 


.'>,  /‘?S‘a-  .’x/,  6^  7 


in  (C)  - .'n  (0,l)lsl  ) + n Ul.,,fc  ) - n (S) 


( KO 


/ HI-  Mill 
( nnilis  1 ) 


C3i) 


4 ^ _+  S'_^3‘5/  J-_f' 

11^(0  n,UI,.N.lK)  + n|  .,('ll.,0)  + n^\'N^‘)  + n^(ll,,S) 


Mill 


).n  . 
1 


( 3 3) 


II. Ml  ill  1 Cl  IS 


lli.it  ill)'  v.iluc  1)1  fiu'l  K.'i-'i,  I'.xrc'pL  i HR  II2S; 


/-H2.  V l.’i,r)7 

II  du.co)  X All  (11,, ,c:o) 
o 2^j2)  ^ 


llnat  re  1 L'.isi'  ill  rt'.icLor: 


i 0^  7rO 


lU  11 


(.)  (SwfnL  (las) 


( '34  )\ 


4.4i-i  X 17), 9 is  - ] 

1 X 

[2  xj 

122,137]  =_ 

<5-/ 

n (C)  X .Mi  (C)  - [n  (C)-n,  (0.,)'] 
(■  0 1 

r'x 

[27,11 

'■(11^,  CO)] 

0(  re. 1C  tor  ) 

(14) 

( 32) 

ili'Jt  rflf.isf  ill  combustion  oi  ll^S; 

if,(-4-;'b'  x_241  ,092  = 

n,(ll2S)"x  All^'CH^S) 

Sum  of  lu'.Tt  rclo.'iso  effects: 

/K'  + h4  = 

i)^  (Sweet  Rus)  + ()(reactor)  + ()^_(H.,S) 

Ik-.iting  value  of  unconverted  carbon  in  ebar: 

All  (C)  X n (C)  j 1 

c C) 


'S  oc^s 


lit  11 


l’  (H.S) 
c 2 


(36 


‘/n  tic. 


lU  11 


IK) 


(37 


^6  i/i- 


g (Char) 
c 


(3a) 


.'lisce  I laneot/s 

n (11~  , fc )-  n (S)  = 
o 2 o 

n^dl^O)  + n2^'*2‘-’d^ 

LiZJ 


A *//  S S“ 


A'3  ?r/ 


n^Ol^dt.fR)  (41) 
iij  .^{W^O)  (42) 
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Ls { 1 inn t ion  ul S t-  t^ni  ( ic- aer.U  ion 

Ik-.it  .iJdiLion  to  riMitor  .is  sti'.im  hl.isr  (ri'l  'il  Lo  7()'’l'),  !U  ii : 


n (slm)  X 18  x li(slm) 
(1^)  ('>.1)* 


'i/4- 


1 ( s L m ) 


Ik'.il  .uklilion  Lo  reticLor  ;is  blasL  ^.ts  (N^,0^),  lUii: 


L 0J'}1  ^ I ° 

[hjCOt)  + X C (T.  -7U 


p 1 11 


°l  ) = 

' I') 


— t'  — 


Ik.ii  .iiiditioii  Lo  reactor  as  w.irm  coal  T rom  drying  process: 

(\00  ^ ^ ~ ' I’, I 

TlOO’lb  - W ’’  Yx  C''  X (T  " - VO)  Q (coi 

t'vap  p Yoal  o 

i:iK 


llejt  loss  from  reactor  as  hot  sla>;; 

'7  X f).2b  X ( - 70)  = 

U’(slap,)  X C X Cf  , - 70') 

P 

He.lL  loss  from  re.uLor  as  exit  cool  fuel  gas: 

i/.SiVx  /.’‘J  X -76)  = 

(Yn.)'  x~  C„(c'l'(r)  X (150  - 70) 

(33)  (8)* 

Total  heat  rele.isc  to  hot  raw  product  gas: 


- r- 


Htii 

Q(slag) 


4S0  mil 
Q(CFG) 


W 2SS  + I7\ 

gl'r'c trl' ~+  q'  ( s t mf VQTN”/62TYY(Y'o'a lye'll (YTiYrT  Q ( HFG ) 

Temperature  reached  In  reactor: 

X + 70  X792. 

()('irFG')7tG  '(iTi'g)  X In.]  + 70  T(rctr) 

‘’(7)*  ' 

G.ise  1:  Tills  temperature  should  be  at  least  2800°F 

C.isis  1,2,  4,3:  See  Item  (10),  Table  2-1. 


See  Tab  1 e 2-  1 . 

i<iK 

See  Design  Basis. 


T(rctr) 
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■HTBCiiDIlC  PA';a  BL/iNK-NOT  ifrut^D 


i;  ; I ; i I ! r.  . | . i.  i 1 li  ;iic  i | tn  . 


1 i . 'i:  ;i  1 . i ml  ; 1 i,  1 rv 

' i.w  'mi  ,'l  ('■. 'mj' lesia . r I'.e. 

I'l  1 .1!. i '.'.VS ( 1 111  < In  1 V ) ; 

1 

A ; r : i .i  i .si-il  i rm  1 . 7 i <> 

1 () ')  ps  i .1  0 /or,  and 

1 i cpi  i f i ed 

, , , . 'a  i ...  / t-  ’>  / = 

34  be  2. 

lit  n 

(40) 

* ■ ' , . X 11  (T)  ,) 

i:  (AIK) 
c 

1 1 '.1.1  ) 

I Alt  iila.st  Corip  ressiir  (Air  ill.eU 

Svst  I'ln  On  1 v ) ; 

A i r 1 I I ;1  i s iM  i Si'll  f rum  1 . 

7 to  >0  ps  i a 70''F; 

..  = 

C 

Htn 

( A 1 ) 

V , . ' 1 S .V.  11  j ( 1 1 , ) 

i;  (AIK) 

irib)*  a'.) 

K.iw  i-.is  Ci)m|)fi‘ss  ion , i!ry: 

K.iw  ('.as  Cl  impress  ion  from  3b 

to  1 bb  |)sia  (■'  1 00  !■' : 

11 

-2  3 5i  V 

lit  n 

(f.  i) 

.l,*'7b  X f'-n.  - n,,  (ll.jOl] 

i;  (PC) 
( 

(13e)*  ( !3)  ' ^ ‘•('31  ) 

iU'Cuvereil  linerj’.y 

j 

Fuel  (las  F.xpansion:  1 'l.b  to  .'<0 

[)s  ia  : 

i , ib.'i  V ] = 

" !Un 

(84) 

I 

i , 3bA  X [>in  , - n^(l!.,(3)  ] 

(rto 

X 

(If))*  (fl)  ni) 

Sti.mi  Kxiiansion;  1,03')  to  2.89 

, Hib  , 4 2 '2  ps  1 .1  : 

( /^‘^i'lSV)  X [ 32  7 F 1A9  X / 1 - 

322  [/4Yi3'S~  X .4/ 

.1  _ 

W(stn,hp)  X [327  + 1A9  x RpsJ  - 

332  tw(slm,iii))  x Rps 

+ W (,sln)  J 

(14)* 

‘17‘iO 

lit  11  ((lb) 

Where  W (stm)  =*  1 8 x n (stm)  lb 
1 (12) 

( s L ni) 
X 

A 

See  Table  2-1. 
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H'b.CiiDIIG  PA'Jii  BL,vfftC-NtT 


i’LANT  SCAI.I'  rKRKOKMANCI. 
c:oAi,  iiANiu.iNc;  and  i;asi ricATioN 

Basis;  100  lb  co.il  or  1.0  hour,  us  no  toil 


Cool  KaLc,  Ib/lif 

(J_'j0_x  10  hlu/lir)  X 100  lb:  [)s  I'iC  -t-  C6>^  ] = 


(250  X 10  litu/hr)  x 100  11>:  [o  (H,,,cn)  + ()  (1I.,S)1 

c:  2 c 2 ' 


W(Coal ) 


Assomblc  provious  rosulLs  in  71.  or  72.;  comptito  entries  for  7 5.,  74., 

11  11 


7b  . (Set'  not  e)  . 
1 


•Sourro  floinponent  | B.isis:  100  lb  Coal  | Basis:  1 Hour's  Operation 


Mo  1 /wt  . 


75.  7b. 

1 1 


(70)  a Coal 

• 100 

1 

- 

MA 

Blast 

: 1 

1 

i ^ ^ .T 

_ 

(12)  b Sim 

’d4~ , kri 

4. '7(70 

1 

1 8 . 0 1 b 

\ 

(14)  c 0^ 

.4  2 

/.i>n 

403.  C 

32.000 

i4  int 

(15)  d N^  ' 

; 6-  Si 

1 (, , t/3i4~ 

j 

1 

28.010 

44L 

i 

e(SubX) 

'•  ri7.44- 

1 

• 

NA 

NA 

•37  Cl? 

(13)  f Oueneh 

• — 

NA 

18.01b 

• — 

i;  Tmal 

I*  2 ?'7, ''/4i 

• 

NA 

NA 

• i>7  3c’3 

I'.r  fluent 

li  Kvapn 

• --  C — 

Sour  Cas 

(25)  i CO 

ii4-.4L 

(2b)  k CO^ 

o4.  74 

(28)  1 II., 

i'.  20 

(24)  m N,^ 

:l.71 

nO)  n (11., S) 

2./i 

o Drv  PC  i 

(L;(,?Z 

( H ) p H.,0 

44,  cS 

(111  <1  (IIPC)  ! 

• 20^  .‘Hi 

(9)  r Ch.ir 

• ys  .11 

s To  t a 1 

• 2sy  ,DZ 

1,47/  4/fc,/ 

0 , 0'S i ^ 

V •oyi^  'T'l 

7<T4,H 

i.S^S 


C . 

c .4ri 
C'  . cc<-j 
C . oc"! 

1 . 000 


28.010  U.S'/in 

44.010  /S  ft? 

2.01b  - ■5’ 7 

28.01b 
54. 07b 


• 57 

• /Vf/ 


Note;  71i/72i  = 7bi/71i  = W(Coai)/100 

^ 71  i/72i  = 76i/73i  = 751 

See  Desii;n  Basis. 


I 


Pa;£  ELnrflC_N0T  /lUt-iD 


I'l.AM  SCAM'  IM  KroKMANCi: 
r,M:Kcv  i.M'i.crs 

K.isis:  lOU  11'  ro.il  Of  1.0  iu'iif,  is  iii'tcil 


lUij  kl-.'hr 


I'..IS  is:  1 

1 Hour's  0])c  r.i  t ion 

lit  (1 

kV.'hr 

r.oinpross  iiin 

(AO)  .1  Oxy  pl.iiu  'sLi. 

( A 1 ) b A i r li  I .IS  t — 

(I'i)  r U.uv’  fuel  gas  i 

(li)*  .1  Mis,-.  

,■  Total  !•  l4 


/ 

C.uc\ 

/<  S7i” 

• 637/ 

l\o,  I'vi-rv  Kxii  ins  i on 
(•'•)  f l-'uel  ga.s 

(6  5)  g Sto.in 

h I'oLa  1 


uel  ga.s  <>  »AS-  3',^^  ^7y 

t,..m  7^V(T  S^72t  7t'-l 

loLal  0 2t  lOh  , CiliC  '•  S • / 7‘f? 


t Deni.iiul 

1 

3 i 

Tie, 'trie  pwr#43 

t K,'U 

■ase  Kf  feels; 

Progressive  combusi 

1 i('ti  of  eo; 

1 1 to  final  proiluc  t 

k 

Sweet  gas 

ft'tS'  /gc 

L 

1 

11  S 

/b'  0<oi 

4.U2. 

m 

L. 

Re  1,  tor 

!)4  2Si 

i3.  ^41 

n 

Ch.i  r 

41b 

217-211 

o 

Ti't  ,1  1 

• i064-hSl 

•iol  , lOS 

i> 

Co.i  1 

• / 7/T 

1 

m3C2  . !>%></ 

Tot. 'll  Ftu'rg.v  to  I’l.iiiL 

( i , I' ) <1  • / /(  5 


Note:  .MJ./aO  = Hi. /HI,  = W(Coal)/100 

i ill 

HI. /HO.  = 8i./82.  = 0.29281  x 10 

II  11 


KaCiDIiC  PAia  ELUiK_NCT  Eriil.';D 


n.AM'  rnSTS 


i L.l  1 (^s  t s I ()(J() 


Oy.vi’fn /A if  I’  1 . m t : 

I '-/tj -•  )/u/t  4/f. 

[(N+N.')/(N4X)i’  r C 

< ‘t  il  X 1 1 

( 7 3 ) ( 7 3.)  (Soi’  Ni)Lo) 

' vl 

(las  i f i <.a  t ion  ModuU*: 

y,  ^ 'Srz 

rN;/  N,u  c, 

( M ) ( si  >'  luU  »• ) 

>1 


C(>mp  r t's.s  i on  / Kxi'.uis  i on  : 

,4i'b  Ji<‘t 
( / ) X = 

(N  /N' )' V c:, 

o o ) 

(71  ) (soi'  noU') 

O 


/S  7/ 


C., 


(;.is  TriMtnuMit  Modulo: 


: 1 ».iT/tx 

[ 3,u 

- •<  7 ]}  X { 1 ln[ 

{ 1 4 a X 

(S) 

O 

-■  ( S )■]  r x~rr'-1,“x"  "fn  feYso' 

(17a)*  (7) 

(17b)*  (Son 

W f 4 i. 


C, 


*Soc  T.it'lo  7-1. 

Noto:  V.iluos  for  (!” , lor  llio  nominnl  o.ist's,  .iri'  in  I lu'  I'innl 

Koport  , Appi'iidix  K. 


Ci 


(«(.) 


(H7) 


(8«) 
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i^-SC^'DIiG  PA'li  uUfJK-NOT  S'lUVX 


EL»rflc.HoT  ir:Lii':D 


PA)£ 


N<>.'  n:-i'  1 ill'  I)  i S(  iiiint  cel  Cosis  i>i  (l.is  I’nuliu' t ion  lOrni  providi'd 

lor  snimiiin)’,  disionnU'd  luturi’  costs. 


iiol  !■  I;  C.ipit.il  co^;^s  of  the  lujiiiin.il  plant,  C*  , are'  in  Liic  I'in.il  Ki'port. 
*Si'e'  Table  2-1. 


I 

I 
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t 


i'lUl'.B 


i)l  SCOlINTKl)  COSTS  Ol'  CAS  i’KODCC  I I ON 


\ 

r,....  T 

■ ! 

; An<‘Utif 

. ! - f .■  i ) /r  •.  ' 

IM  s.  .lliH  t 

i I't  mtid 

' t . 

Hi!  - it  I 'H  1 "l 

K .1  . 1 

I, 

^ Li  ' } -M  t • r 

nr  1 Hr.  of  1 1 n»’. 

!i.'ns.|?uj  ^ 

• t :)oi...rv 

' , 1 1 - : > II  ; ••  .1  r 'll  1 ton 

I 

4 

SS C"  . . 0. ; 

4 23t 

If  . ^ r<t  Y.-  It  1 »•  t r n - 1 i n 

' y 

77C’  '■  II.  ■'"H 

ro( 

' • 1 r i • Yi  If  . • t t ■.  t 1 •-  1 

i4 

C'70  ' 0..M’ 

/V  C^C 

• 1 t 1 1 I s '••  •.  t •«*  tu 

/ZO 

0 -il  ClL 

1 .. 

. 

/ ft  '■/ 

J <4  ILL 

M .•  M 1 1 1 V 

... 

1 Z ost 

, r .f  j i>  ' r V , j.i } 

M, 

/4SS 

7 tS’C 

• t..:  ..  . I , ■ .-.I.. 

• -7  / 14- 

• ‘TS  ‘I  ii. 

• I 1 '1  l'(  I.-.  ' 

i 1 

• 7 7 7 7C 

t "«•  J t J ; A ; t . I .t  l vr 

i_.. 

•"  J._ 

1 "f  { 

SC  1 

1v- i >n)J 

I'i  JU  >t 

*?,S  UCL 

r ro'tu  t ' 1’,  ’nit  1 '-s t . > /n  1 1 1 1 cn  Hr  i 

1 ( 1 inf  ■<  il  1 V i . 

i liv  1 inr  1 1 ) 

,.L-L 

‘ if  1 "!  I N , t t,  1'  i vf  ’ Mt  • .0.1  , -.IT,. 

1 1 itiii  Itt  >t  (It ■ 

.11  .1)  V 1 t«  .1  t v 

111..  IM 

/. 

'•  »vl:  . ■ lio  . tr.  Ill  Witt. I,  Sll^  iilnf  I'l  ill.  « 

■■ 

/.  44- 

Vest  f'  ‘Mi  ^rCO/  / . L’ 2. 
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St'i'tion  3 

BOILKR  DERATING 


u - 


sr>muY 

Tliis  Sfft.  ion  contains  tiic  pertinent  data  and  computational  worksheets 
lor  iioiler  derat  inp,  estimate  analyses  when  chanping  boilers  to  coal- 
derived  pas  fuels.  The  methods  result  in  estimated  derating  factors 
for  boiler  iffieiencv  steam  capacity  and  combustion  product  flow  rates 
resulting  from  the  fuel  change. 

SYSTEM  DATA  AND  N0MENC1.ATURE 
De f i n i t i o n of  Typ  ipjt  1 Bo i 1 e r s 

Three  types  of  boilers  are  included  in  this  study: 

• Water  tube  boilers  up  to  200,000  Ib/hr  of  steam 
product  ion 

• Fire  tube  boilers  up  to  10,000  Ib/hr  of  steam 
product  ion 

• Stoker  feed,  coal-fired  water  tube  boilers  up  to 
200,000  Ib/hr  of  steam  production 

The  represetitat ive  (or  standard)  boiler  configuration  for  each  boiler 
type  is  assumed  to  be  rated  at  the  maximum  capacity  stated  above.  It 
is  assumi'd  that  the  rating  change  factors  defined  for  the  maximum  ca- 
pacity boiler  for  each  boiler  type  will  generally  apply  to  lower  ca- 
pacity boili-rs  of  that  type. 

All  boilers  are  used  for  heating  service,  generating  saturated  steam 
at  maximum  pressures  of  150  pslg  and  minimum  of  80  pslg.  No  units 
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cii'liviT  sii[u'rhi>;itt“d  stciim.  Tlio  oldest  boilers  were  installed  in  1942, 
and  tlu'  majoritv  of  all  boilers  were  Installed  in  the  1940's.  They  are 
predominantly  fueled  with  oil  ranging  from  No.  6 Venezuelan  crude  to 
No.  2 diesel  with  limited  natural  gas. 

Rased  on  th(>  above  information,  additional  general  assumptions  for  these 
boiler  designs  can  be  made.  Saturation  pressures  at  150  psig  correspond 
to  ste.im  temperatures  <'f  'lbb*^F.  These  conditions  along  with  the  age  of 
boilers  support  an  assumption  of  natural  steam  circulation  in  the  boilers. 
The  low  steam  temperatures,  boiler  age,  and  heating  application  to  mili- 
tarv  bases  support  an  assumption  that  air  preheaters  are  not  used  with  the 
subject  boilers. 

WaU'r  Tube  Boiler.  The  standard  boiler  of  this  type  is  assumed  to  be 
oil-fired  and  t<i  deliver  saturated  steam  at  150  psig  and  366°F.  It  is 
assumed  that  no  air  preheaters  are  used  and  that  the  boiler  probably 
was  field  erected  in  the  1940's,  although  today  It  would  be  bought  as 
a packaged  unit. 

Based  on  relative  heat  absorption  data,  the  heat  transferred  to  steam 
by  radiation  to  the  water  walls  and  by  convection  to  the  boiler  tube 
banks  are  approximately  equal.  For  this  boiler,  the  total  heat  trans- 
fer is  assumed  to  be  0.5  by  radiation  and  0.5  by  convection. 

Fire  Tube  Boiler.  The  standard  fire  tube  boiler  is  assumed  to  be  oil- 
fired  and  working  with  steam  conditions  of  100  psig  and  338°F.  This 
boiler  is  assumed  to  function  without  an  air  preheater  and  to  have  been 
field  erected  in  the  early  1940's.  Heat  transfer  in  fire  tube  boilers 
is  expected  to  be  greater  by  the  convection  mode  rather  than  the  radiant 
mode.  This  is  based  on  the  more  compact  designs  for  fire  tube  boilers 
with  combustion  product  flow  being  forced  through  the  tubing  at  greater 
velocities  than  in  water  tube  boilers.  The  total  heat  transfer  in  this 
unit  is  assumed  to  be  0.4  by  radiation  and  0.6  by  convection. 
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Stoker  1\‘0(1,  ('oa  1 - 1' i r I'd  Vv'atiT  Tube  Boiler.  This  boiler  is  assumed  t'l 
be  similar  in  nuju i rement s to  tlu'  oil-iired,  water  tube  boiler,  except 
lor  I tie  eoal-l  irin>’,.  Steam  cond  i t ions  are  apain  assumed  to  be  ISO  psip 
and  Uiti  1-'.  No  i r preheat  I'rs  are  used,  and  the  unit  is  assumed  to  have 
been  field  ereeti'd  in  thi‘  1940's.  Total  heat  transfer  in  this  unit  is 
assumed  to  be  0 . S by  radiation  and  0.5  by  convection. 

Nomtuu'  1 .1 1 u re 

q = He.al  transfer  ratt',  Btu/sec. 

' = Stef an-Bol t zman  constant. 

A = bffeetive  heat  tran.sfer  area,  ft^. 

Tj  = Temperature  of  combustion  gas,  ”r. 

T-,  = Temperature  of  water  walls, 

o = Kffective  emisslvity  of  combustion  gas. 

= Outer  tube  wall  heat  transfer  coefficient, 

Btu/f  t^-hr-°F. 

Uj  = Inner  tube  wall  heat  transfer  coefficient, 

Btu/ft2-hr-"F. 

r,  = Mass  velocity  or  mass  flow  of  gas  over  the 
tubes,  Ib/hr  ft^  of  cross-sectional  area. 

Cp  = Specific  heat  at  constant  pressure,  Btu/lb-°F. 

K = Conductivity  of  gas,  Btu-f t / f t ^-hr-^F . 

0 = Outside  tube  diamter,  ft. 

o 

I'  = Absolute  gas  viscosity,  lb/ ft -hr. 

Fy  = Arrangement  factor. 

T|^  = Average  bulk  absolute  temperature  of  gas,  °R. 

T(t  = Average  film  absolute  temperature,  °R. 

NOTH:  The  reference  heat  transfer  is  identified  by 

subscript  1 (prior  to  fuel  change)  and  t tie  new 
fieat  transfer  case  by  subscript  2 (after  change 
to  low-Btu  gas  fuel). 
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Kigiire  '3-3.  Combustion  Product  Gas  Emissivity  Variation  with 
Adiabatic  Combustion  Temperature 


Table  3-1 

Fl’KI.  IN  AIR  COMBUSTION  PRODUCT  GAS  QUANTITIES 


hi. 

Air  f 

Yui  1 

t 

R.ir  I 

Oil 

1 J.f 

1 

J.'  ‘ 

Sir  I?  i 

t ■ 

l^.- 

1 *^1 ' Mint 

11 

I,.'W  -«r 

11  OrllV,  ?Hf> 

hi  1. 

, 1 1 

I 'W  P,t 

1 CI.IS  , . 

HI  ij/i  1 

1 1 1 

L w-Hr 

U IS7 

hiM-i  1 

1 1 1 

f.HH.  ht'i/'ii  ft 


i'K(ici;i)n:i-  and  i xamim  I'S 


liii’  W(>  rk  shi'i- 1 shows  t ho  conipMt.it  ion  iiocoss.irv  to  ost  im.ito  ihc*  boiler 

pi' I t orm.inco  r.itiiip  t.ictors  lor  conversion  to  t lie  three  fuels  for  each 

o!  the  three  boiler  types.  The  three  fuel  chatiKes  .are  to  low-Btu  i;ases 

3 

ol  JSh,  2ti4,  .md  12'i  tit  u/ it  . Additional  worksheets  are  included. 


rile  comput.ition.il  methodology  is  best  expl.iined  by  defining  each  corn- 
put  , it  itm.i  1 .step.  riiesi'  definitions  are  numbered  to  correspond  with 
those  on  the  worksheet. 


(T)  Boiler  Type.  Identily  the  type  i.if  boiler  by  entering 
the  letters  WT  for  water  tube  or  FT  for  fire  tube 
bo  i 1 1'rs  . 


O St  e.im  IT-mper^it  ure^^  K.  Enter  the  saturated  steam 
temperature  tor  the  boiler  being  analyzed.  In  the 
s.im|ile  computations,  the  assumed  temperatures  are 


IBf)  F tor 
bo i 1 er s . 


water  tube  boilers  and 


npt 
338  F 


for  fire  tube 


Q)  Fuel.  Identify  the  fuel  for  which  the  boiler  was 
originallv  designed. 

o Excess  Air,  %.  Enter  the  percent  of  excess  air 

supplied  to  the  furnace  section  for  combustion  of 
till'  original  fuel. 

(5)  Fract  ioti  of  Heat  i ran.s_ft2t>'ed  by  R.idi.a^t^ion.  Enter 

the  fraction  of  total  heat  transferred  (steam  gener- 
ated) that  occurs  in  the  furnace  section  of  the  boiler. 

(b)  Fr.iction  of  Heat  Transferred  by  Convection.  Enter 

the  traction  of  total  heat  transferred  (steam  gener- 
.ited)  that  occurs  in  the  convection  tube  bundles  of 
t he  bo i 1 er . 

(7)  Clu'ck.  The  sum  of  and  @ must  equal  1.00  to 
account  for  all  heat  transferred  in  the  boiler. 

(b)  (jonibyist  ion  Temperature,  °F.  Enter  the  temperature 

from  Figure  3-1  as  a function  of  fuel  (J)  and  excess 
air  ® . 

(9)  Combusj_imi  Tempieratuj^e,  _R.  Add  460  to  . 
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(1^ 

@ 


© 


© 

© 


© 


Ti'mporal  un.' 
f riim  rigurc 

© ■ 


l'~unc  I i mi . KiitiT  t lu*  temperature  liinction 
5-2  as  a function  of  combustion  temperature 


Kmissivity.  Knti'r  the  emissivity  from  Figure  3-3  as 
a function  of  fuel  (^)  and  combustion  temperature 

CojTibust  ion  Products  Rate,  Ib/lOjOOO  Ji_tu.  F.nter  the 
combust  ioji^prodiict  s rate  frc^Table  3-1  as  a function 
of  " ' 


fuel  © and  excess  air  (7)  • 


Fuel,  Type,  and  High  Heating  Value,  Btu/cu  ft.  Knter 
here  the  type  and  high  heating  value  of  the  coal-derived 
gas  tuel  to  be  burned  in  the  boiler.  In  the  sample 
e'omput  at  ions , gases  of  286,  269,  and  125  Btu/ft^  are 
used. 

Fxcess  Air,  %.  Flnter  the  percent  of  excess  air  supplied 
to  the  furnace  air  for  combustion  of  the  conversion  gas 
to  be  used  in  place  of  the  original  design  fuel.  In  the 
sample  computations  10  percent  excess  air  is  used  for  all 
gas  fuels. 

Combustion  Temperature,  ^F.  Enter  the  temperature  from 
Fii^ire  3-1  as  a function  of  fuel  and  excess  air 

© . 

Combustion  Temperature,  R.  Add  460  to 

Temperature  Functit^n.  Enter  the  temperature  function 
from  Figure  3-2  as  a function  of  combustion  temperature 

© . 

Fmij^ivity.  Enter  the  emissivity  from  Figure  3-3  as  a 
function  of  fuel  and  combustion  temperature  (T^ 


Combustion  Products  Rate,  lh/10,000  Btu.  Enter  the 
combust  foil  products  rate  from  Table  3-1  as  a function 
of  fuel  (l^  and  excess  air 

Ratio  of  Products.  Compute  the  ratio  of  combustion 
products  rate  with  «inversia>n  gas  fuel  to  that  with 
the  original  fuel  {(l^  result  Indicates 

the  change  in  combustion  products  flow  rate  through 
the  boiler  per  unit  of  fuel  heat  release. 

A number  greater  than  1.00  means  an  Increase  in  flow 
rate  is  required  to  obtain  the  same  fuel  heat  release. 
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I'h'w  r,iti'  imrcasfs  ari'  limited  to  1.10  in  order  to 
1‘xelnde  eases  ri'<|n  i r i n^t  major  rebuilding,  of  boiler 
svstems  to  aeeommodate  lart’.e  t’as  flow  increases. 


A number  less  than  1.00  means  a decrease  in  flow  rale 
is  recjuired  to  obtain  the  same  t uc  1 lieal  rele.ase. 

For  sneb  eases,  the  ratio  used  is  1.00,  which  means 
that  boili'r  capacity  can  be  increased  by  injecting 
additional  fuel  to  maintain  the  original  gas  flow 
rate.  This  occurs  for  boilers  originally  designed 
ior  stoker  coa 1 - f ue 1 i ng . 

j)  Compute  the  ratio  of  radiant  heat  transfer  with  C(jn- 
vetsion  gas  J^uel  to  that  with^the  original  fuel 
f(  (i^  / ) X ( (T^  / )1.  The  result  indi- 

cates the  change  in  radiant  Heat  transfer  performance 
in  the  furnace  section  of  the  boiler.  A number  less 
than  1.00  means  that  the  heat  trttnsfer  late  is  reduced. 


Compute  the  ratio  of  combustion  product  gas  temper- 
ature decrease  by  radiant  beat  transfer  with  conver- 
sioii  gas  fuel  to  that  with  the  original  fuel 
( ).  A number  less  than  1.00  means  that 

the  temperature  decrease  in  the  furnace  is  reduced. 


jifack  TPnTpcjujtajrej_  Enter  the  measured  stack  gas 

temperature  or  estimate  It  as  the  saturated  steam 
teiMH'rature  plus  100  F for  water  tube  boilers 
f + 100)  or  + 200°F  for  fire  tube  boilers 

( 0 + 200)  . 

(7^  Compute  the  approximate  temperature  decrease  of  the 
original  fuel  combustion  gases  resulting  from  radi- 
ant he.it  transfer  In  the  furnace  section  of  the 
boiler  [0  x ( - (0  ) T . 

Compute  the  approximate  temperature  of  the  original 
fuel  combustion  gases  entering  the  convection  tube 
bundle  section  of  the  boiler  ( - (0  ). 


Compute  the  approximate  temperature  of  the  conver- 
sitni  gas  fuel  combustion  gas  entering  t^he  convectiori 
tube  bundle  section  of  the  boiler  ( - (0  x (0  ). 


Compute  the  convection  heat  transfer  driving  temper- 
ature difference  ratio  of  the  conversion  gas  fuel 
case  to  the  original  fuel  case  [(  - T2J  )/ 

< @ - 0 )1- 
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r.ntcr  the  relative  convection  heat  transfer  coeffi- 
cient 1 rom  Figure  3-5.  The  factor  (Uo)2/(Uo)l  is 
for  water  tube  boilers.  The  factor  (U|)2/(U^)l  is 
for  fire  tube  boilers.  Both  factors  are  a function 
of  the  ratio  of  products 

Entt'r  the  overall  convective  heat  transfer  coeffi- 
cieol  from  Figure  3-A  as  a function  of  = (Uo^2/^*^o^l 
= . This  step  is  required  only  for  water  tube 

boilers. 


Compute  the  overall  convective  heat  transfer  coeffi- 
cients ratio  of  the  conversion  gas  fuel  case  to  the 
t)riginal  fuel  case.  For  water  tube  boilers,  this 
ra*^io  is  /O.5.  For  fire  tube  boilers  this  ratio 

is  ^ . 


Compute  the  ratio  of  convection  heat  transfer  with 
conversion  jjas  fuel  to  that  with  the  original  fuel 
( X ) . The  result  indicates  the  change 

in  convection  heat  transfer  performance  in  the  tube 
bundle  section  of  the  boiler.  A number  less  than 
1.00  means  that  the  heat  transfer  rate  is  reduced. 

Compute  the  ratio  of  combustion  product  gas  temper- 
ature decrease  by  convection  heat  transfer  with  con- 
version gas  fuel  to  that  with  the  original  fuel 
( ).  A number  less  than  1.00  means  that 

the  temperature  decrease  in  the  tube  bundle  section 
is  reduced. 


Compute  the  total  boiler  heat  transfer  p^formance 
effect  (ratio  of  steam  generation)  as  ((^  x ) 

+ ( X ).  This  sums  the  effects  in  the 

radiant  furnace  and  convection  tube  bundle  sections 
of  the  boiler. 


Compute  the  total  boiler  combustion  gas  temperature 
decrease  effect  (ratio  of  available  energy  extrac- 
tion) as  ( X ) + ( (jy  X ). 

Compute  the  temperature  Increase  by  combustion  in 
the  furnace  of  the  original  fuel  ( - 70. F). 

Compute  the  temperature  increase  by  combustion  in 
the  furnace  of  the  conversion  gas  fuel  ( (jj)  - 70. F) 
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Coniputi*  tlu‘  ovt-r.ill  boilor  t*f  f ic  i (jiry  effort  of  the 
fuel  rhanne  as  ( x )/  . This  value 

iiulirates  t lie  ellicienev  chaii)’e  expected  to  occur 
with  the  change  in  boiler  fuel.  Ibis  value  times 
the  orij’inal  fu(>l  boiler  elficiency  i‘st  iniates  the 
boiler  efficiency  with  the  conversion  gas  fuel. 
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i^KtSDIiC  PAiii  BLANK_NOT  BIUL-D 


WOKKSUKKT  KOK  I'l.ANT 

ANAI.YS  1 S 

nv.su :N  i’.ASIS 

Vi'.ir  t or  C.ip.ii-  i t y : 

iio.it  ini',  v.iliio  ol  foai'toi  output 

, sour  , Ht  u/h r — J TOy.  1 0 

Kmission  01  SO,^ : 

i 

1 

1 

Proiliii  t 1 rom  oomliu.st  ion  ot  liiol 

1 

gas,  i 

lb  St),/ 10^’  Btn  iiiiV  (coal). 

ofSO  J 

Ultim.iio  An.ily.sis  Of  Coal: 

% or  lb  pi'r  100  lb  co.tl 

C;i  rbon 

W(C) 

Hvd  rogon 

K ( 11  , ) 

OxyKon 

W(0,) 

N i t roKon 

W(N., ) 

Sii  1 fur 

W(S) 

Mo  i St  lire 

W (11,,0) 

Ash 

W (A.sh) 

Tot  .1  1 

100 

Ash  Soft  oiling  Tomporaturo  = 

"F 

Ash  Molt  ins  Tomporaturo  = 

'’F 

N’lUi*:  W<^ev;ip)  = W(H.O)  - W (H„0). 

I o 2 
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KiiGiiDIlC  PAJii  EUrJK-NOT  EILiL'iD 


KKACroK  I’KRKtmMANCl 

K.isis:  100  lb  I'o.il,  with  mdistiin' 


I'.ii'bi'ii  y,.is  i 1 i . .1 1 i on  Soo  Tabic  J- i , it. -ins  (11)  anil  (IJ). 

Oarbi'ii  .onv.  rsion,  cxp.i  lod  Ir.n  tion  i “ 

Ra  t i o rO/((a)  4 CO  ^ ) , ox|U'c  l id  value  a = 

r.'.'ilstoi  k and  r.  sull  in^  . bar 


< I ) 
(i  ) 


, , V /|a  = 

‘ W ((■)  >:  (>)7lJ 


livii  roi’i'n  : 


! : - / 1 (. 

W (11,)/ 2 - w (0.,)/lb 

O d o I 


Mol  ( i) 


n (C) 

o 

Mol 


o 1 


(a) 


Oxyp.-n : 


IM  = 


W (0,)/)2 
o I 


Mo  1 


n ((),,) 
o 1 


f 


X.-,  /-'H 

W(N,)/28 


Mol 


to  (M,,) 

I ^ / 


((d 


Sulfur: 


jyi 

W (S)/32 
o 


Mo  1 


n (S) 
o 


(7) 


Mni St  urc : 


/IH  = 


Iv'  (H„0) 
o 2 


Mol 


n (H.,0) 
o I 


(8) 


Cha  r : 


+ .( _)_x 

W (Ash)  + n - t ) X W ( C ) 
o o 


lb 


V (char) 
o 


(9) 


ili'at  of  combustion  O carbon  conversion  >,  IlllV  i-oal: 

x(  17  1, 934)  -4  x(l22j_97b)  4-  x ( 1 (.40)  = 

n (cY 'x  7.H  (C)'  + n (H., , f cY  x AM’  (hY)  + n (S)'  x 311  (S) 

O C o a C a o c 

Btu 

HllV  (coal)  (10) 

('ll  ( S)  = At  . wt  . X 5,770  lltu/lb) 

(’ 

Heat  of  combustion  full  conversion,  llllV  (coal) 

4 X _ X 1 73,9  34  = 1^ 

lillV  (coal)  4 [l-rl/r]  X*  n (C)  x AH’(C)'  llllV  (coal)  (11) 

O I 
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Hl.ist 


- [ + + ] - 
R X n (C)  - M (11,0)  + -N  (O  ) + II  eoiu'ni- li ) ] 

i'  o J i)  J 1 , . , , 

11  j ( s t rn ) 

y.  = '-IdI 

k"  X n Yc)  n"(q,u.n,-|“  " 

<1«-  1 


Oxvi’.i'ii:  . ^ 

. [(  ) : ] X 

[(R,  - R ) : R 1 X II 

ni'  oc  lu- 

(4)*  (D* 


R«'. u’ t or 

C irlu’ii  monox  idi.“: 

1 X 


(^^r^lon  dioxido: 


1 X n (C) 
o 


X 

( 1 - 1 ) X n (C) 
o 


...  , . (2-  )x  -2x 

U.itcr  doconposfd  : , , - 

(2  - a)  X n ((.)  - 2x 


(14) 

i,(0.,bl.st)  ' ' 


J ' ' . “ .MU  J 

: R 1 X II , (0,,bls’t  ) n,  (N,blst ) 

Oi'  IS  1 Z 


^ (24) 

n,,(C0) 


n,(f:o., ) 


' liilL  ( _)  7 ) 

xn  (0  blsi)  n.,(H  (),) 

1 2^,^^  2 2 d 


Hvdro«i-n:  n'o,  (S)  ' + ‘n  Oi  ,(Y  ) 

o Z o Z d 


n ^(\\p 


.Silroy;(.n.  ^ n (N.bist) 

o 2 12 

Siiltnr  .IS  bvd  ro^.',oii  siiltidi': 

II 


II  (S) 
o 


^ (2.) 

n (N,) 


n , (S) 


W.it>  r V.ipor:  ,,  - / 

n (11  ())  + n (st  m)  + 
o 2 1 


+2x  

n , ( ti  ;ic  h)  + 2xn  (O., ) - n,(H.,0.) 
1 o 2 2 2 d 

(5)  (27) 


(II) 


W^b,CE,DIlG  PAi£  BL;vfJK_NOT  i-TUl^D 


H.isis:  100  lb  co.i  1 , with  moisture 


Oombust  i b 1 «'s  : 


;?n  (O  - 2n,(0,,blsl)  + n (M,,,fr)  - n (S) 
o 1 o o 

(14) 


Mo  1 


X,,  (embs  1 ) 


( i.i) 


Total  hot  raw  K-is : 

+ + _ +_  + 

n^^((:)  '+  lb)  + >i  ^ ,,  ( Xp  +'n,,(ll.,S) 

(41)  ’(42) 


Mo  1 
>ai  . 


( H) 


Heal  b f t ee  t s 


He, 

, It  i ng,  va  1 ue 

of  fuel  gas. 

exci'pl  i'lg  H,,! 

T : 

V 122,147 

Bt  u 

11  (H.,C0) 
" ^32) 

X AH 

r t 

n 

(• 

(Swi-et  Cas) 

He 

at  release 

in  reactor: 

X 

1 7 3 , 9 34  - 

[ - 1 

X 

A. 

122,: 

157]  = 

Btu 

1 (C)  X 
o 

AH  (c)  - r 

c 

n^/C)-nj(0^)7 

X 

T2AH^. 

OI2, 

,co)l 

0( rear  tor) 

(14) 

(52) 

He 

at  release 

in  combustion 

of 

H,S: 

X 

241,092  = 

Btu 

n,,  (H^S)  X 

, AH^JH^S) 

0 (H,S) 

t J 

Sum  ot  heat  release  efteets: 


+ + 

• (Sweet  gas)  + ()( rear  tor)  + O^(HjS) 


Heating  value  of  unconverted  carbon  in  char: 

17), 9)4  X xL(l-_  )_/  ] 

AH  (C)  X n (O^^O-yI/'y! 
o 


Bt  u 
I'n 


< i7 


0 (Char) 
c 


( )K) 


M i sc»- 1 1 aiU'ous 

It  (H  1 1-  )-  n (S)  = 
o 2 o 


n , ( H ^ , n . t g ) (41) 


n,(H^ti)  + n2^"2‘\)^ 
(■'/) 


iij  2^"2‘’^ 


I 
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H'aCiDIiC  PAj£  BI^fQC-NOT  PIDLOD 


H.isis:  100  lb  coal,  with  moist  lira 


Kst  imat  ion  ol  Sto.im  (lonorat  ion 

Hi'.it  addit  ion  to  risu  tor  as  sliam  blast  (^ri’f'd  to  /0"'F),  lUn: 
X 1 8 X Bt  n 


X 1 8 X 

n ( s t m ) X 18  x h ( s t m ) 

(Id)  ( 8a ) * 

boat  addit  it'll  to  reactor  as  blast  (N^,0,,),  Btn: 

r + 1 X 7. 1 ( -70°r)  = 


1 (stm) 


+_  _ 1 _x  7. 

.n  (0^)  + n (N.,)  J X C 


[njtO,)  + X Cp(T._^-70”r)  Qj(N^.O,) 

(14)  (b)* 

lie, It  addition  to  reactor  as  warm  coal  from  dryinK  process: 

(100  - ) X 0.25  X = Btu_ 

(100  lb  - W ) x'  c'''  xTt~  ” 70)  0 (coal) 

evap  p coal  o 


Heat  loss  from  reactor  as  hot  sla^t 

X ^.25  X ( = 

W(s!ag)  x C’’  X (Y  V - 70) 

Heat  loss  from  reactor  as  exit  cool  fuel  gas: 

_x X ( - ) 

(in.)’  x'  C,,(cyr.)"  X (350  - 7'0)' 

‘ ' * 

(33)  (8) 

Total  beat  release  to  hot  raw  product  gas: 


Btu 

Q(slag) 


Btu 

Q(CFG) 


O(rctr)  + Qj(stm)  + ()(N2,02)  + ()(coal)  - f)(char)  (.)(HFC) 

Temper.it  lire  reached  in  reactor: 

/I ] -f  70  

<)(HF(;)/[c  (HFG)  X Tn.T  ’+  70  T(rctr) 

‘’(7)*  ‘ 

C.ise  1:  This  tem[)erature  .should  be  at  least  2800°F 

(bases  1,2,  43:  See  Item  (10),  Table  2-1. 


*See  T.ible  2-1. 

See  Design  Basis. 
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KSChDIiC  PAia  ELaNK-NOT  flDL^D 


i-i 


K.isi'^:  100  111  rn.il.  willi  tni'isluii- 


OiMlclMl  inn 

o 1 hi  v^li 

prr^;su!i 

s 1 n.im  hv  w.is  1 »•  lin  i t rn 

ov«*r  V : 

C.ISn  1 mil 

N' : 

L 

_ 

: 

1 h 

d)7) 

[ndlKO)  - 

O (St  m) 

: h(stm,  hp) 

j ( s t m . 

Imi 

( > ')) 

( S4  ) 

( Sh)  . I.ihlf  2-1 

1 .isf  2 on  i 

V : 

[ 

]: 

= 

1 h 

( ')8) 

[odlFC)  - 

I'icrc)] ; 

h(stm.  lip) 

W ^ ( s t PI , 

hii ) 

( 'I'O 

( S4) 

(Sid,  r.ihln  2-1 

} on  1 

V : 

( 

_ 

1 : 

(S'M 

[•nm  o)  - 

QCCFO)  - 

0]  (N,,  .(>  ,)]  ■ h (st  m . tip) 

W j ( S t IT.  , 

hp) 
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i^iCiDIiC  PA  Jii  EUNK-NOT  ErLJt';D 


I NKKCY  MANACI  MI  N’T 

ti.isi-;:  100  II'  i-o.i  1 , willi  moistiiii' 


i.i'ni|'T  I’ss  i on  t lU’t  j’_v 

(>xvi'.fn  IM.mt  (Y'mi'ri'ssor  (Ovvf.on  Hl.ist  Svsloni  On  I v ) : 

A i f is  r.iisi'il  Irom  14.7  to  Ifi')  psi.t  0 70'’l',  .iiicl  liqnitioil. 


_M,290  x_  = 

2 1 . 290  X n (0.,) 

( 1 '■'.'i ) 

Air  Blast  Comi'ressor  (Air  Blast  Svslom  On  I v ) : 

Air  food  is  raisod  Iron  14.7  to  50  ps  i a 0 70'’F: 

9.218  X = 

9.218  X iij  (0,) 

M5h)*  (14) 

Raw  Cas  Comp  ross  i <'n  , dry: 

Raw'  (i.is  Comprossion  from  25  to  105  psia  0 100"F: 


Bt  II 
F.  (AIK) 


Btii 
F,  (AIR) 


2,070  X [ - ] = 

2,0  70  X _fn.  - n.,  (11,^0)] 

( 1 5c)*  ( V3)  ' - ^(31  ) 

Rocovorod  l.ncrcy 

Fuel  Cas  F.xpansion:  135  to  40  psia: 

I _ ] = 

I , 354  X [Fn  . - n.,(ll.,0)  ] 

(10)*  (13)  (31) 


Btn 
F.  (FC) 


F.  (FC) 

X 


■St  cam 

Expansion:  1 

,055  to  2.89, 

105  , 4 22  ps  i a 

1-. 

149  X ] - 

‘a'-’  I 

X + 

W( s t n , 

, hp)  X I"32  7 + 

149  X KpsJ  - 

1 1 2 [W ( s t m , h p ) 

X Kps 

W ( s t n ) J 

(14)* 

I 

Btn  ( f>  ) 

1 

X 

f s I m ) 

Whore 

W ( s t m ) « 18 

X n ( St  m)  lb 

entered  only 

for  r.a.sei 

rt  2 and  1 
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l^HcaDIiG  Pa  ;£  BLrtfJK-NOT  iTIDt^D 


PI.ANT  SCAI.K  rKRKCKMANCr 

i('AI  HANDI.INC  ANI'  ( .AS  1 1' I CAT  1 ON 

H.isi*; : U)0  lb  co.il  or  1.0  hour,  us  note*! 


('o.i  1 K.i  ( t , I n /hr 


(.’^0  X 10  tUn/hr)  X 100  Ih:  [ 


] = Ih/ 


(JSO  X 10*'  htu/hr)  X 100  Ih:  [o  (H,,,C0)  ♦-  n (H^S)] 


W(Co.il  ) 


Assrmhlc  I'ri-v  iou.^^  n-.^^iills  in  71  . or  72  ; i-omnuto  outrios  for  7<. 

11  1 

. ii  . 1 Soo  no  t t'  ) . 

1 ^ 

Soiirt  (•  ComnoiU'nt  i Basis:  100  Ih  Oi'.il  B.isis:  1 Hour's  Opora  I i on 


! t on;  Slit)  I I, I'  II.  Mols  I N.Mols 


II.  .Mols  1 M.Mols  .Mol/Frart. 
I ‘ 


7S.  7h. 

1 1 


(70)  a Coal 
Bl.ist 
(12)  h S t ni 
n'.)  o o , 

(O)  (1  N., 

o(Suh:: ) 

( 1 i ) f I 'iiom  h 
lot.il 

I'l  ; liiont 

* h I'vapn 

Sour  C.(S 
<2 'll  j CO 
(2h)  k CO,, 

(2H)  1 11^ 

(2M)  m N'., 

( iO)  n Ol^S) 

o Dry  l‘C 
( U ) p 11^0 

(H)  <1  (m-C) 

(9)  r Ch.ir 


Noto:  7U/721  - 7f)i/7li  = W(Coal)/100 

71  i/72i  - 7hi/7  (i  = /hi 


18.016 

32.000 

28.010 

NA 

18.016 

\A 


.Sro  Dosinn  Basis. 
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Pr-acSDIiG  PA''«a  BL^t4K_N0T  BIUL-^D 


PLANT  SCAI.P  PLRLORMANCL 
I NKRCY  M-KLCTS 

iLisis:  100  Ih  coal  or  1.0  hour,  as  noted 


Mecb.inic.il  Knerpv  | 

[b.isis:  100  lb  Coal 

r~ 

1 

H.-is  i ,s  : 1 1 

lour ’ s Opera  1 ion 

Soufi'e  r.omponent 

Rt  11 

Btu 

kV.'iir 

Item  Sub . 


Comp  ress ion 

((lO)  .1  Oxv  1)1. ant 

(()  1 > b A i r b I asl 

(»)i)  c Raw  fuel  p,as 

(in*  d Mi  sc.  — 

e 'lot.il  I* 


Kecoverv  Kxi’.ans  i on 
( f)A  I r Kue  1 g.is 

(t)”)  ) p St  earn  

h Total  • 


Net  Demand  j 

(e,h)  i Tlectric  pwr# 


lU'.at 

Release  Ktfects: 

Progressive  rombusi 

L ion 

( T'4  ) 

k Swi'et  )tas 

( Ih) 

1 ll.,S 

( IS) 

m Ri*a  r t o r 

Not  e : 

H2  , 

/HO 

= H i.  /HI  . 

= W(Co.al)/100 

1 

/HO. 

1 

1 1 

-T 

HI  . 

i 

= 83. /H2. 

1 1 

= 0.29281  X 10 

PFSCaDIlG  PAjji  ELAfflC_MoT  FILIL'^D 


ri-AN'T  f-nSTS 


('.ip  i t .1 1 Tom  ‘ 

$10011 

( ) V V ' • ( ' n / A i 

t 1’  1 an  1 : 

I ' . ) 

[(  + 

,,  ,0.h 

)/(  + ) L,  , X 

’ ( N + N 

t ■ i 

) / (N ' + N ;)i 
(•  (1 

X 'l  '•! 

1 

( 7 i ) in.) 

c Cl 

( Si‘i'  Mot  i‘ ) 

( 1 i f 1 1 . 1 1 

i <in  Modii  1 o : 

i 

[ / ■ 

X = 

1 - a ) 

'\  / \ ‘ 
<1  d' 

X C.'', 

t 

2 

( 7 i ) ( Hoo  not  o ) 

'1 

Comp r i-ss  i on / Kxpans  ion  ; 

( / ) > 

= 

(R7) 

(N  ;n  ')  X c:; 

on  ) 

( 

3 

(7!  ) (soo  noti‘) 

O 

1 (i.is  Troatmi’iit  Modulo: 

1 

1 + X 

} X ( I - X 1 n [ / 

}x 

= 

1 f 1 + 1 X 

[W  (S)  - W^(S) 
()  o 

} X fl  - b X 1 nt^ofSO.,) /o”(S0 

,,)Jx  t:^ 

(17a)*  (7) 

(17b)*  (Si'o  Dosipn 

Ras i s ) 

> Hin 

1 

i 

1 

( 

A 

*Srr  T.iMi-  2-1. 

Niiti-:  V.iliH's  for  C" , lor  (ho  nominal  oasos,  aro  in  (ho  I'inal 

Roport  , Appondix  !•'. 


! 
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1 1 f‘rrp.1  r .1 1 iiMi  Motlii  1 »• : 

SI ,000 

1 ’ 1 ' 

{ ) 

L j • . 

['.%•(  Co.)  1 ) / W (Co.i  1)  ]•  ’ X C" 

itilitii";.  ripiiij;,  1)  i sp(is,i  1 : 

(90) 

( 

h 

1) i I i‘f  l !•'  i f 1 (1  Cost  ■ 

(91  ) 

Sum:  C,  + ( . + C , f (■  + (•  4 c = 

c 

1 

1 2 i 4 S fi 

l ot  .1  1 (’.ip  i t ,1 1 Cos  t 

(9.>) 

1 

1 _ ) = 

C.  X (Cj^/C;) 

(18)* 

I'[H' rut  i np,  Costs,  Amiuul,  Husoii  on  40  Sorviro  l.ictor 

$1,000 

Coa  1 1 W{ t oa  1 ) 1 li  / h r : 

(9b) 

( / 2,000)  X (7,«8‘)  hr/vr) 

(W(Coal)/  2,000)  X (7,889  lir/vr)  ($/ton) 

0(ooal ) 

I'^Us  trii  powi'r  9 kW : 

f 9 / ) 

= 

(l.jj  ) X ( 7,889  hr/vr)  ($/kWhr) 

0 ( pwr ) 

(8')it) 

Cataivst,  Chomi  oa  1 s , from  N'ominal  Caso: 
Kfiuipmont,  1 i os  , I’tilitii-s 

Oporat  inn  l’orsoniu‘1 

Ma  i nto  nation  Mati-rials  and  Labor 

(98) 

I'rom  Ri'port  , Subtotal,  O^(Miso)  = 

'’^Miso) 

*Si'f  T.ihli-  2-1. 


3- 


iT-b.Cr.DIiC  PA'ir;  Bl^fiK_NCT  PIDtiD 


1 I’rniliu  i ion  over  Zy  ^l•.lrs,  b.tsod  on  hourly  r.ito.s 

[ - X i,  Ih  i - ] X f).  197 

[('  (Swoot  C..IS)  - W (ov.in)  X l,lhi  - (UCl.'ins)]  x 0.197 


Mn»* 
Numb*-  T 

U) 

(2) 

< 

(i.) 

{'ll 

<b) 

(7) 

(91 
t 10) 

( 11) 

(W) 

( I )> 


PFSCaDIit  PA'lii  BLANK-NOT  PILll'ID 


i)l  SCOlINTKI)  COSTS  OK 


(;AS  PRODUCTION 


lA)St  Klemont 

1)1  H ei  - 
iMU  i a 1 
1 nf 1 at  ion 
Rale 

^ 

Project 

Year 

Amount,  Thousands  of  Dollars  ' 

Discount 

1)1  scounted 
Cost  , 
Thousands 
of  Dol lars 

[ Dm*  Time  ] 

1 . . J 

R»‘currinR 
. . _J 

Fact«>r 

First-Year  Const rui t Ion 

+0 

[ i 

17?  1 

II.Hhl 

^e«  i>ntl-Year  Const  rut  t ion 

4-0 

1 

1 

(J.7HH 

1 

Third-Year  Const  ruot  lc>n  i 

4-0 

i 

/t9? 

0.717 

1 

0 Total  Investmt-nt 

^ • 

• 

Coal 

*■•) 

1 

12.2bH  ! 

Kler  t r Ir  1 1 V 

♦h 

1 ii..n!i7 

1 

Oper.itltiK  l.abor  .ind  Materials 

♦0 

■>-29 

i 

f).50S 

0 futtl  Operattnx  <osts 

• 

' • 

® Total  Proleii  CoRth 

• 

Fuel  Oil  Alternative 

4-H 

5-29 

j 

Ifl.h  il  j 

Mivruv  Av.ilhibl#*  over  /’)  ve.irs,  billions  of  Rtti 

l’ro«lint  I’nll  (ioHt  , i/mllll«»n  Htu  (line  9 «llvided  bv  lino  11) 

Fuel  Oil  Alternative  I'nlt  ('oRt  , S million  Btu  (lino  10  divided  bv  Itiu*  II) 


I I . > 


SavliiitR/ Investment  Raiie,  sIR  (line  10  - lint-  M),|lne  4 


fTECEDIlIJ  PAia  1;L-;NK-.N0T  FIUV'D 

v.^  - ' - 

► 

■-i"' 

WnKKSllKKT  FOK  IM.AXT  ANALYSIS 

DFSICN  BASIS 

i'  Ri'.irtor  C.ip.u'ily: 

Hi'.itiiiR  va  1 in-  of  reactor  output 

, sour,  Btii/hr—  250xlo’ 

F.niission  Of  SO,^ : 

Product  from  combust  ion  of  fuel 

gas, 

lb  SO^/IO^’  Btu  IlHV  (coal). 

eCSO^) 

L'ltimaie  Analysis  Of  Coal: 

% or  lb  per  100  lb  coal 

Ca  rbon 

W(C) 

Hyd  royen 

WCH^) 

''  Oxygen 

W(0,) 

N i t rogen 

WCN^) 

Su 1 f ur 

W(S) 

Moisture 

W (H .0) 

Ash 

W (Ash) 

To  t a 1 

100 

Ash  Softening  Temperature  = 

°F 

Ash  Melting  Temperature  = 

Op 

iTbCiiDIlG  PA'iii;  BLArJK_NOT  i/TIit'lD 


RKAC’IOR  iM'RFdRMANCi: 

R.isis:  100  lb  rnal,  Vv’ i t li  rm'isturi’ 

O.iihi'ii  r,.is  i I i ca  I i on  Soo  Table  2-1,  items  (II)  aiiO  (1.'). 

Oarbon  eonversioii,  expected  fraction  Y - (It 

Ra  I i o 00/(01'  + OO.j),  expected  value  t = ( .’ ) 


Jstock  anil  resulting  char 

Oarbon : 

X /I2  = 

Mol 

( 3) 

W (0)  X (y)/12 
(1 

n (Cl 

Hvd  ropen 

/2  - /lb  = 

Mo  1 

( 4 ) 

■ W (11  )/2  - W (0.J/H) 
o z o 2 

n 

o 1 

Oxvpen : 

/32  = 

W (0,,)/32 
o 1 

Mol 

n ( 0 „ ) 
o 1 

r,) 

N'  i t ro'pen 

/2H  = 

Mol 

(b  ) 

■ W (N,,)/28 

n (N„) 
o 1 

Sul  t il r : 

/32  = 

Mol 

(7) 

W (S)/32 
n 

n (S) 
o 

Moi sture 

/IH  = 

Mol 

(H) 

' w (H ,,()) 

o 2 

n (H,,0) 
o l 

+ ( ) X 

lb 

(9) 

1 . , , 
Vi 

(Ash)  + ( l-t)x  W (C) 

W (char) 

Heat  of  combustion  9 carbon  conversion  y , HHV'  coal: 

x(17T,9'V4)  + _ _ x(l22,976)  + x.08A>/’A9)  = 

n (C‘)  X AH  (C)‘  + n'  (H, ',>(•)  'x  AH  (H„)’  Vn  (S)  ‘ x“  AH  ~(A)*‘ 
o i o 2 c 2 o c 

Btu 

HHV  (coal)  (10) 

('H^  (.S)  = At  . wt  . X 5,770  lUii/lb) 

Heat  of  combustion  ('*  full  conversion,  HHV  (coal) 

+ X X 1 7 3 , 9 34  = Bt  ii 

HHV  (coal)  4 ri-r)/~Yl  X ti  (0)  x*  AH’  (C)  HHV  (coal)  (11) 

o c 


• -CiDIUi  PAia  I;LANK_N0T  iTILiL-lD 


■ tsis;  100  lb  ro.i  I . witli  moist  iirr 


HI. 1st 


X ^ + + 

:<  X n (C)  - n (H.,0)  + 2N  (<)  ) + n f('uom  h)] 
wo  o o z o -I  1 c 1 VI 

U)*  ^ 


n j ( s t m ) 


('u.'noh:  — - 

K X II  ((,) 


Hj  (’qut'iu-h) 


Oxvi’on:  'ir\ 

(D*  ''oo  ^ 

NitioRin.  [^(1^  _ ) -:  K ^ X n (0  blstj 

he  or  oc  I J 

(4>*  (D* 

Rimi  t or  (bisos 


(0.,blst  ) 


Carbt'n  monox  iclo: 


i X n (C) 
o 


n^(CO) 


C.irbon  dioxide: 


(l-'t)  X n (C) 
o 


'.-.'ati-r  dts-omposed  : 


n2(f.02) 


( 2 .)  X - 2.^_ = Mo  1 

(2  - i)  X n (C)  - 2xn,  (0  blst)  n (H  (1.) 

o 1 2^j^^  2 2 d 


livilroyten : 


n (H  ,',fo)  n (S)  + n(H,,0,) 

I't  / O it 


^ (28) 

n,,  (H2 ) 


S i t roj;en  : 


II  (N  ) + n (N,,blst  ) 
o 2 12 


n^CN^) 


Sulfur  as  bydrogen  sulfUle: 


n (S) 
o 


n .,  ( S ) 


Wall  r Vapor:  - 


n (H.O)  + n (stm)  + n,(qncb)  + 2xn  (0  ) - n (H„0  ) 
o 2 1 1 o 2 2 2 d 

(5)  (27) 


n,(H ,0) 


4 


PA  Ja  ELaIJK-MOT  r'lL’l'iD 


H.isis:  11)0  Ih  i o.i  I , with  moisture 


(^'m^>ust  I h I es  ; 


.-’n  ((•)  - 


•’ll  , ( 0,,h  1 St  ) + n (H,,fe)  - n (S) 

I o o 

(14)  

N,,  (cmbs  1 ) 


liH.il  hot  raw  K'I-s: 


n^^(C)  ^ II  , (11^  , N , f g)  + II I ^(II.^O)  + ii,^(N2)  + ii,(H2S) 
(41)  (42) 


Heat  FI  t ei- 1 s 


Heating  value  ol  fuel  gas,  excepting  iLS: 


X 122,1^7 

n (II.  ,C0)  X ah’  (H,,  ,C0) 
o 2^32)  ^ 


0 (Sweet  Has) 
c 


Heat  release  in  reactor: 


X 17  1,914  - [ ^ ] X [2  X 122.1 5_7j  =_ 

n (C)  X .'ll  (Ct  - T'l  ’((0-n,’(O  ‘)T  ’ x' r2AH  (H,,,C0)1 

o 1-  O 12  C 2 

(14)  (-12) 


Btu 

n( react  or  ) 


Heat  rili-ase  in  combustion  of  H2S: 

x_  2412)92  = 

I2(H.2)’  X AH^,(H2S) 


0 (H.,S) 

c 


Sum  of  heat  relisase  effects: 


ft  (Sweet  gas)  + ('(risactor)  + ()  (H,,sl 
c c 2 


Heat  ing  value  of  unconverted  carbon  in  char: 

1 7 1,9 34  X _ , . )/  , J 

4H  (C)  V n (C)  xX’O-’i'  ) r-7  J 


()  (Char) 
c 


M i see  I I a neons 


n (If, ,1c)-  n (S)  = 
o 2 o 

n ,(H  ,0)  + n ,(H,0.) 


n.,  (H  . ,n  , fg) 
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PTaCiiDIiC  PA'iii  i:LAr>IK-N07  iTrUt';D 


I. 


I 


I 


I-  - 


l'l.l^;i^. ; ion  lb  I iM  1 , with  mnistiiri' 


im.it  ion  ol 

St  o.im  0 

loner 

.It  ion 

Ho 

■ It  .I'bl  i 1 

ion 

t O 

real 

t O f .O'. 

si  (Mm 

li  1 ast  ( r.'  f ' d to 

70"  b) 

, Bt  n ; 

s; 

IH  X 

Btu 

"l 

( s t m ) X 
(12) 

IH  V 

b( 
( b.i 

St  m ) 
)* 

'’l 

( St  m ) 

II.' 

.It  .iiM  i t 

i on 

t o 

riMo 

tor  as 

blast 

pas  (N,,  ,0^)  , Bt  u 

[ 

] 

X 

7.  1 ( - 

-70'  b) 

= 

Btu 

U' 

,((',)  + 

n 1 (N 

X 

C (T.  - 

-70  b) 

0 

( roa  1 ) 

1 

p 1 n 

O 

(14) 

lb' 

,il  .iddit 

i on 

t o 

roar 

t o r as 

wa  nil  1 

•oa  1 ! rom  d r v 1 np. 

proco 

ss  : 

(100  - 

) X 0.2b  X 

= 

Btu 

1 

C 

W ) X C X (T 

, - 70) 

0 (coal) 

eva[)  j)  roa 

1 

C') 

He.it  loss 

from  re.ictor  as  hot 

sI.ir: 

X 

0.25  X ( - 70)  = 

Btu 

W(slatt ) X 

C'  X (T  , - 70) 

()(sl.ag) 

lle.lt  loss 

t rom  re.u'tor  .as  exit 

cool  fuel  R.as : 

X 

X ( - ) = 

Btu 

::,n.)  X Cp 

(CbC)  X 050  - 70) 

()(CFC) 

lotal  lu'.it  release  to  hot  raw 

product  gas: 

-b 

+ -b 

- 

= Btu 

t'  ( rc  t r ) -b 

()|  (stm)  -b  ()(N2,0^)  + 

Q(coal)  - 0(('har) 

(l(HFC) 

I'emperat ure  reached  in  reactor 

. . JL 

] + 70 

0(11  Ft;)  /To 

(ilbO)  X Hn.T  + 70 

T(rctr  ) 

p 1 

C.iRc  1:  Tills  H'mpor.'it  iiri'  should  be*  .it  le;ast  2800"K 

(bisfs  1,2,  f»  1 : Soc  Item  (10),  Table  2-1. 
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( '.0 ) 


( 'll ) 


f)2) 


n i) 


('lA) 


(bb) 


(bb) 


4 


4 


i^h.C2.Diic  pa;c;  BL^rflc_N0T  irrrjt';D 
* * ' *•  . 


li.isis:  100  lb  i-nal,  with  moisture 


iiuu't'.  1 1 i on  1'  1 hi  i’,h 

(irossuro  sto.im  hv  w.isto  liont 

rt'covf^ry 

( 

1 s> ■ 1 on  1 V : 

_ _ 

1 h 

( S7  ) 

'('(iiRn  - n(ci-r,)  - 
r>s)  (o4) 

•'  1 (St  m)  _ 

: h(stm,  hp) 
(Sh),  Table  2-1 

W^(stm,  hp ) 

O.isi-  2 on  1 V : 

[ ]: 

= 

lb 

(SS) 

O(HFC)  - i'(n'O)]: 

rs'’))  (^u) 

h(stm,  hp) 

(Sh).  Tnhlo  2-1 

U'j(stm,  hp) 

O.isf  i on  1 V : 

_ 

1 : 

(59) 

fgUiKC)  - Q((;iT,)  - 

)]  : h(stm,  hp) 

W,j(stm,  hp) 

• PFKCiiDIiC 


liLANK-NOT 


!;N!'.K(.Y  MANACKMI’NT 

Basis:  100  I li  coal,  willi  moisture 


1 ri'niprcss  i on  Kni-r^v 

— 1 

1 

I i'xv>’cn  I’laiil 

Comp  n 

ssor  (Oxviti't! 

B 1 as  t Svs  t em  ('n  1 v ) : 

1 

1 

1 

1 

1 Air  is  raisi'ci  t'rom  1A.7  to 

105  psla  0 70'’ r 

, and 

1 i cpi  i t i ed  . 

2 1 , ,’^h  V 

= 

/t.n. 

1 , 20f'  X 

n (0  ,) 

r,  (AIK) 

1 

(ITa)* 

1 

1 Air  Blast  (lompiH'SSor  (Air  Blast 

1 

Svs t i-m  On  1 V ) : 

Air  t I'cil 

is  rai 

seel  from  It. 

7 to  50  psia 

70'’F: 

1 X 

Btu 

0.21H  V n (it^) 

F.  (AIR)  " 

(lYh)* 

M4) 

Kaw  (..IS  Compression 

, d r V : 

Haw  t’.as  ( 

lompression  from 

to  105  psia  0 

ion'’F 

, h 7 (i  X 

[ - 

] = 

Btu  ,, 

2,^76  X [ En . - 
( lac ) * ( 3 n * 

n,(ll,0)] 

“ -(31) 

E (rc) 

c 

I'ecovi'reil  lauTjty 

1 

I 1-  lie  1 Cas  t xp.ins  i on  : 

115  to  -lO 

ps  ia  : 

1 , J5A  X 

] = 

(h 

1 , 3S4  X 

'>:n.  - 

n.^(ll^0)] 

E (FC) 

X 

(16)* 

ni) 

{ 31  ) 

1 

1 Stfam  Expansion:  1 

.055  to  2.89 

, 165,  422  psia 

( ) X 

;i2  7 + 

149  X 1 - 

322  r 

X 

_±  _-._4 

W(slm,hp)  X 

[327  + 

149  X KpsJ  - 

532  [W(Btm,hp) 

X Rp> 

^ + K ( s t n ) J 

(14)* 

Btu  (65) 

E (stin) 

X 

UTiere  W (stm)  = IH 

X n (st  m)  1 h 

entered  only 

for  Cases  2 and  3. 

(12) 

See  Table  2-1. 
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i^-ISLaDIiG  PA  ic,  cL.UK-Nt'j 


e'lLV.L 


PLANT  SCALP  PPKPnRMANCP 

COAI.  HAN’DLINC.  ANTI  CAS  I F I CAT  1 ON 

R.isis:  100  lb  I'oal  or  1.0  hour,  as  iiotod 


Coal  K/Uo,  lb /hr 

(/SO  X 10^’_BJu/hr)  x 100  lb:  [ _ ] = ^Ib/hr^^j^^ 

(/SO  X 10^  Rtu/hr)  x 100  lb:  [o  (M.,.CO)  + n (1US)1 

Assi'tnblo  prt'vious  results  in  71.  nr  72^;  compute  entries  for 


7c . ( See  not  e ) . 
1 


Source  Component 

Basis:  100  lb  Coal 

Bas 1 s : 

1 Hour's  0 

■)era  1 1 on 

1 t em  Sub 

1 b 

n . Mo  1 s 
1 

N . Mo  1 s 
i 

Mol /Fract . 

Mo  1 /wt . 

Lb- 

71  . 
1 

72. 

1 

73. 

1 

74. 

1 

75. 

1 

7(1. 

1 

Feed 

(70)  a Coal 

• 100 

- 

MA 

• 

Blast 

(15)  b Stm 

18.106 

(r.)  c 0,, 

12.000 

(IS)  d 

28.010 

t>  ( SubZ ) 

• 

• 

NA 

NA 

• 

(12)  f ('uencb 

• 

NA 

18.016 

• 

g To  t a 1 

• 

• 

NA 

NA 

• 

F.f  f luent 

(4  1)  h Evapn 

• 

• 

- 

NA 

• 

Sour  Cas 

— 

(25)  i CO 

28.010 

(26)  k CO^ 

44.010 

(28)  1 

2.016 

(2^)  m 

28.016 

(10)  n (ll^S) 

34.076 

o Dry  FC 

l.OOO 

(11)  p 11^0 

(11)  q (HFC) 

. 

. 

18.106 

(0)  r Char 

• 

• 

- 

NA 

• 

s Total 

• 

• 

NA 

• 

Note:  711/721  = 761/711  = W(Coal)/100 

71  1/721  = 761/731  = 751 
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i^SiCiDIiG  PAIi  EUr^NOT  EIULCD 


tM.ANT  SCAI.K  I’KRI'OKMvXNCK 
1 Nt'R(;Y  M'KKC.TS 

liisis:  UK)  lb  ro.il  or  1.0  hour,  as  not  oil 


Mt-chan  i ra  I Knor>tv  Ba.sis;  100  lb  Coal  Basis;  1 Hour's  Operation 


Source  Component 


1 1 t‘m  Sub . 


Compress  ion 

0)  a 

Oxv 

pi  .ant 

1 ) b 

Air 

blast 

i) 

Raw 

fuel  j 

VIS 

Re 

< 

< 

Kxpans i on 

4) 

f 

Fuel  K.as 

St  earn 

Net  Di'm,intl  j 

(I'.h)  i FI  eel  r it-  pwr  ■ 


Heat 

Release  Effects: 

ProRressive  combustion  of  coal  to  final  product 

(34) 

k Sweet  Ras 

(3b) 

1 H^S 

(3S) 

m Reactor 

Total  F.neruv  to  Riant 


Note:  H2./80  = 8B./H1,  = W(Coal)/I00 

1 1 1 i 

81  ,/80.  = 8'3./82,  = 0.29281  x 10 
i 1 1 i 


Table 


l^KCaDIIC  PA  ib  BL,»rOC-NOT 


PlJ\NT  COSTS 


(Ciji  i t ,i  I Cos  t s 

Oxvi'on/Air  Plant: 

[(  + )/(__  + )]"•;;  X 

f(N,  + N, ) / (N°  + N°)1  • 


1 


(.r^  ) (73.) 
o a 


X 1 

(Spp  Note) 


$1000 


(85) 


Cas  i f Uat  ion  Modulo 


t /—I  ^ 

Tn,  / KJ  > 


X 



X 

(73^^)  (set-  notp) 


(86) 


Compross  i on/ F.xpans  i on  : 

)_2'  _ = 

(N^/N^)  x'c^ 

(7  3^^)  (see  note) 

Cas  Treatment  Module: 


(87) 


1 + _x__ 

[ 

} X { 1 - X 1 n 

/ }x 

f 1 + a X 

Ts  )' w'^Tsk 

} xfl  - bx  ln"l 

[e(S0„)/e"(S0. )]x 

(17a)*  (7) 


(17b)*  (See  Doslpn  B.asis) 


(88) 


*See  Table  2-1. 

Note:  Values  for  C”,  for  the  nominal  cases,  are  in  the  Final 

Report,  Appendix  F. 

i 

i: 


I 


3-65 


Pa1£  BLANICNoT  £rui.;D 


Co.i  1 Pri'p.ir.it  ion  Moiiulc: 

$1,000 

[ X 

(89) 

[W(C:o;il)  / U'°(Co,)l)  J- ■>  X C"^ 

s 

Itilities,  Piping,  Waste  Disposal 

constant 

(90) 

‘■'b 

Di rec t F i e 1 d Cost : 

(91) 

Sum:  C,  + ('  + C.  + C,  4-  ('  + C, 

1 Z i 4 b 0 

= 

s 

Total  Capital  Cost 

(92) 

X ( ) = 

C X (Cg/Cy) 
(18)* 

n 

00 

Operating  Costs,  Annual,  Based  on  90% 

Se rvice  Factor 

$1,000 

Coal  '<>  W(Coal)  Ib/hr: 

(96) 

I ( / 2,000)  X (7,889  hr/yr) 

= 

^ (W(Coal)/  2,000)  X (7,889  hr/yr)  . 

•.  ($/ton) 

O(coal) 

Elertrii  power  0 g kW : 
1 D 

(97) 

(i:jj  i X ( 7,889  hr/yr)  ($/kWhr) 

0(pwr ) 

! (h)k-) 

..atalyst.  Chemicals,  from  Nomintfl 
Kqiiipmt-nt,  Supplies,  Utilities 
Operating  Personnel 
1 '■laintenance  Materials  and  L.abor 

Case : 

(98) 

From  Report,  Subtotal,  0 (Misc)  = 

1 

^Siisc) 

*Stf  Tilblf  2-1. 
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PA')!  ;:L,;NK-N0T  PIUL^D 


Fuel  G.is  Production  (>vt  r 21  Years,  based  on 

hour  1 y 

rates 

[ - X 3,lh3  - 

] X 

0.  197  X 

lo'’  ^ 

[o  (Sweet  C.as)  - W (evap)  x l.lhl  - (>(C1 
(■  o 

(82k)  (20) 

a 11  s ) ] X 
(19)* 

0.  197  X 

10^ 

(99) 

PO(PG) 

Noxt  use  thf  Discount  t'd  Costs  of  Gas  Production  form  provided 
fi'r  summing,  discounted  future  costs. 


Note  1:  Capital  costs  of  the  nominal  plant,  c”,  are  in  the  Final  Report. 

*.See  Table  2-1. 


3-69 


ITb-CaDIlC  PA-iji  BLArJK_NOT  prLIl';D 


DlSCOUNTKl)  COSTS  OK 


CAS  PRODUCTION 


. Cost  F.lement 

Number 

Ulffer- 
entidl 
Inflat  ion 
Rate 

Project 

Year 

Amount,  Thousands  of  Dollars 

Discount 

Factor 

Discounted 
Cost , 
Thousands 
of  Dollars 

One  Time 

Recurring 

(1)  First-Year  Construction 

+0 

2 

17% 

0.867 

(2)  Second-Year  Construction 

*0 

3 

36% 

0.  788 

(3)  Third-Year  Construction 

-K) 

4 

69% 

0.717 

# Total  Investment 

• 

(,*>)  Coal 

5-29 

12.268 

(h)  Elec t cic ity 

+6 

5-29 

16.057 

(7>  Operating  Labor  and  Materials 

+0 

5-29 

6.505 

(H)  ^ Total  Operating  Costs 

• • 

(9)  ♦ Total  Project  Costs 

• 

(10)  Fuel  Oil  Alternative 

•*•8 

5-29 

1 18.631 

i 

- -1 

(il)  F.nergy  Available  over  2S  years*  billions  of  Btu 


(12>  Produi  t (>as  Unit  Cost,  $/rallllon  Btu  (line  9 divided  by  line  11) 

(Iw  Fuel  Oil  Alternative  Unit  Cost,  $ millinn  Btu  (line  10  divided  by  line  11) 


Savings/Invest«ent  Ratio,  SIR  • (line  10  - line  8)/Mne  4 


H'SiCEDIiC 


PA  it  EL.rJK-NCT  PILL'D 


WORKSHKKT  FOR  PLANT  ANALYSIS 


nKSlON  BASIS 

Realtor  Capaeity: 

Heatinp,  value  of  ri-artor 

output,  sour,  Btu/hr  — 250x10^ 

F.mission  Of  SO,: 

Protiuct  from  combust  ion  of  fuel  Ras, 

lb  SO.,/ 10^  Btu  IIHV  (coal) 

eCSO.,) 

Ultimate  Analysis  Of  Coal: 

% or  lb  per  100  lb  coal 

Ca  rbon 

W(C) 

Hyd  roRcn 

W(H2) 

Oxygen 

VKO^) 

Ni trogen 

W(N2> 

Su 1 f ur 

W(S) 

Moist  lire 

W(H20) 

Asb 

W (Ash) 

Total  100 

Ash  Softening  Temperature  = 

°F 

Ash  Melting  Temperature  = 

°F 

Note:  W(evap)  = W(ILO)  - W (ILO) 

2 o 2 


3-73 


Pf2.CiDIiC  PAli  ELu»NK_N0T  iTILiKD 
••  <■  . ' — 

► 

RKACTOR 

rKRKORMANCi; 

Has  i.s  : 

100  lb  coal,  willi  moisture 

C.irbon  ^',as  i f ii'.it  ion  Soo  Tablo  2-1,  iloms  (11)  and  (12). 

I'.arbon  lonviTs  i iin , I'xpciLod  traction  y = 

R.itio  rO/(CO  + CO  j ) , expoc  t (.■(!  value  i = — 

Fi’edstoik  ami  resulting  char 

, X / 1 2 = 

(..irbon;  ,,  ttt- / 

U t C ) X ( Y ) / 1 2 

o 


n (C) 
o 


, /2  - /If.  = 

o J o 2 


Oxygt*n : 


W (Oj/32 
o z 


N.troKcn:  -^^8 

o 2 


Su 1 fur : 


W (S)/32 
o 


Moi  .st\ire : 


/•J2  = 

1 12 

/18 


W (H,,0) 
o i 


r\  • ^ ) X 

■ W (Ash)  + d->)x  W (C) 
o o 


n (H  ,fc) 
o 2 


n (0„) 
o 2 


n (N  ) 
o 2 


n (S) 
o 


n (H^O) 
O 2 


W (char) 
o 


Heat  of  combust  i(jn  (?  carbon  conver.sion  y,  HHV'  coal: 


_ x(J[^,9J42  + _ x(l22,976)  + x(184,640)  = 

n (C)  x AH  (C.y  + n ('H_,'fc)  x*  AH  (h'  ) ’ + n '(S)  x AH  (S) 
o c o 2 c 2 o c 


Btu 

HHV'  (coal) 


(AH  (S)  At.  wt  . X 5,770  litu/lb) 
( 


He.it  of  combustion  (3  full  conversion,  HHV  (coal) 

+ _ X _ ^ 

HHV  (co.il)  -*-T1-y)/yT  X '1  (C)  X AH  (C)  HHV  (coal) 


3-75 


■t^aCiDIiG  PAlii  EL^rflC-NOT  u'IUL'JD 


li.isis:  100  lb  coal,  Vv'ith  moisture 


Blast 

St  earn : 

X 

- 

[ 

+ + 

] = 

R X n 

wc  o 

(2)* 

(C)  - 1 

.n  (H.O)  + 2N  (0„)  + n, 
o z o 2 1 

(Oueneh) J 

(13)  Mol 

n^ (stm) 

(12) 

Oueneh  : 
(3)* 

X 

Mol 

(13) 

K X n 

(j('  o 

(C) 

"l 

(quench) 

OxvKen : 
( 1 )* 

X 

Mol 

(14) 

R X n 

0(' 

(C) 

o 

"l 

(O^bl St ) 

1 N'  i t ropen 

. [( 

) 

. 

X 

Mol 

(13) 

■ [<v 

- R ) 

oc 

^ R . 

oc 

X n^ (02bist) 

"l 

(N2blst ) 

(4)* 

(D* 

Reactor  Cast 

s 

Carbon  monoxide: 


u X n ( C ) 
o 


Mo  1 , 


Carbon  dioxide: 


n,(C0) 


Mol 


(1-a)  x n (C) 
o 


Water  decomposed: 


(2  - )x 


Hv<i  ro^eti : 


r ven  : 


o 2 ’ 


n (N  , ) + n I (N^blst ) 


' r .-••n  sii  1 t ide  : r 

n (S) 
o 


n^ (CO^) 

- 2x 

= 

Mol 

- 2xn  j 

(0„blst) 

(14) 

"2(»2"d^ 

= 

Mol 

i^d^ 

■ (27) 

n2(H2) 

Mol 

02 (N2) 

= 

Mol 

n .,  ( S ) 

+ 2x 

- 

1 ( qm  h ) 

+ 2xn  (0.) 
o 2 

- n.OLn 
2 2 ( 

(3) 

(27) 

Mu  1 

n ,(H ,0) 


(2^) 

(26) 

(27) 

(28) 

(29) 

(30) 

1^ 

( U) 


PA'.Ji  EL^fflC-NOT  EILIL'iD 


Basis:  100  Ih  roa  I , with  moisture 


, 2x  - 2x 

(.omhust  1 b 1 t'S  : ' — -i i 

2n  (C)  - 2n,(0„blst)  + n (H„,fr)  - n (S) 
o 12  o ^ o 


Total  hot  raw  gas: 

+ + 4- + 

n^(C)  + ti2(H2,N,fg)  + 2012^)  + n2(N2)  + n2(H2S) 


Heat  Effects 


3-79 


PA-.i  Eurac-NOT  PriiL-D 


Kasis:  100  II)  coal,  will)  moist  arc 


I 

j Kst  imat  ion  ot  Sloam  0cn_oration 

i Heat  aiUliiion  to  reactor  as  siisim  blast  (ri'f'd  to  70°F),  Bt  ii : 


X _____ 

n (stm)  X 1 8 X h(stm) 

Vl2)  (5a)* 

lloat  addition  to  reactor  as  blast  gas  (N,^,0  ),  Btu: 


1 (stm) 


r 

L 

+ 

X 7. 

1 ( - 

-70°F 

in, 

+ n (.\  ) 

X C 

(T.  - 

-70''F 

1 2 

1 2 ■ 

P 

in 

(14) 

1 He.- 

It  .add  1 1 ion  to 

reactor  as 

wa  rm 

( IM  )_  X 0. 25  X _ _ = 

(100  lb  - W ’)  X C X '(T  V - 70) 
pvap  p coal 

Heat  loss  from  reactor  as  hot  slag: 

X 0.25  X ( - 70)  = 

W(sla,”)  V C X (T  V -"70) 

P slag 

Heat  loss  from  reactor  as  exit  cool  fuel  gas: 

X ^_( - ) = 

(T.nj'  X (:„(CK(,)  X (250  - 70") 

1 e 

Total  beat  release  to  hot  raw  product  gas: 

+ _+ _ jt - 

O(rctr)  + ()j(stm)  + OfN^.O,,)  + Q(coal)  - O(char) 
Temperature  reached  in  reactor: 


Q(slag) 


Btu 

Q(CFG) 


Btu 

()(HFG) 


„ /I  _ _ _ ] + 7 0 

0(HFG)/[C^^(HFG)  x Fn.l  + 70 


Gasi'  1:  This  temperature  should  be  at  least  2800°F 

Gases  1,2,  t,}:  See  Item  (10),  Table  2-1. 


i^SC2,DIiC  PA^a  HLAf^K-NOT 
*•  ' *.  > > 


Basis:  100  lb  ronl , with  moisture 


Coneration  of  high  pressure  steam  by  waste  heat 

recovery 

Case  I onlv: 

[ - = 

lb 

(57) 

UodlFC;)  - n(cF(;)  - 0 (Stm)]  ; h(stm,  hp) 
(55)  (54)  (5b),  Table  2-1 

W^fstm,  hp) 

t:ase  2 <inlv: 

[ ]: 

lb 

(58) 

[n(HFr,)  - (1(CFC)]  : h(stm,  hp) 

(55)  (54)  (5b) , Table  2-1 

W^(stm,  bp) 

(Tise  3 only: 

f - - 1 . 

(59) 

[Q(HFG)  - Q(CFG)  - (^[(N^.O^)]  5 h(stm,  hp) 

W^(stm,  hp) 

i i 


I 
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FThCaDllG  PA:Ji;  I;  LANK- NOT  d'lUL-'.D 


RN’F.RCY  M/\NAr.KMFN'T 

B.isis:  100  lb  coal,  with  moistiirL' 


C omp  r e s s i_o  n F. n o r gy 

Oxvyi'ti  FMant  Compressor  (Oxvt>en  Blast  Svstem  Onlv): 

Air  is  raised  from  14.7  to  165  psia  70°F,  and  liquified. 


21. 7- 96  x_  _ = 

21  ,296  X n'  (0,) 

(15a)* 

Air  Blast  Compressor  (Air  Blast  System  Onlv): 

Air  feed  is  raised  from  14.7  to  50  psia  0 70"F: 

9 , 2 1 8_  _x  = 

9".2T8  x n^  (0^) 

(15b)*  (14) 

Raw  Cas  Compression,  dry: 

Raw  Cas  Compression  from  35  to  165  psia  0 lOO^F; 

2_j^76  X [ - ] = 

2,676  X tj^n  . - hTo')  ] 

(15c)*  (33)'  ^ (31) 

Ren>vered  Enerp.y 

Fuel  Cas  Expansion:  135  to  40  psia: 


E (AIR) 
c 


E (AIR) 
c 


F.  (FC) 
c 


1,354  X [ 

1 , 354  X [X 


1 , 354  X [in.  - 02(1120)] 

(16)*  (33)  (31) 

Steam  Expansion:  1,055  to  2.89,  165,  422  psia: 


E (FC) 

X 


X ) X_  [32  7 9-  149  X ] - 322  [ x + 1 ^ 

W(stin,hp)  X Xl27  + 149  x Rps.  - 332  [W(stm,hp)  x Rps  + W (stm)j 

(14)* 

Btu  (65) 
E^(stm) 

Wltere  W (stm)  = 18  x n (stm)  lb  entered  only  for  Cases  2 and  3. 

(12) 
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«-EC2,DII'fc  PA'Ja  i:LA.NK_NOT  EILIi^D 


i’l.ANT  SCAI  K I'KRFORMANCK 
COAL  HANDl.INC  AN'H  CAS  I F I CAT ! ON 

Basis:  100  lb  coal  or  1.0  hour,  as  noted 


Coal  Rati>,  Ib/hr 

(2_5p  X 10^  Btu/tir)  x 100  1 b :_  [ _ _ _ ] 

(250  X 10^  Btu/hr)  x 100  lb:  [o  (H_,CO)  + O (ILS)l 

C 2 C 2 " 


1 b / h r , 


W(Coal ) 


Assemble  previous  results  in  71 ^ or  72^;  compute  entries  for  73^ 
7b  . f See  note) . 

i 


Sourci’  Component 


1 1 cm  Sub 


(70)  a Coal 
Blast 

(13)  b S t m 

(14)  c 0^ 

(15)  d 

e (SubL ) 
(12)  f (blench 
Tot  a 1 


F.f  f luent 

(43)  h Fvapn 

Sour  Cas 
(25)  j CO 
(2b)  k CO^ 

(28)  1 ll^ 

(29)  m 

(30)  n (ll^S) 

o Dry  FC. 

(31)  p fl^O 

(33)  <1  (MFC) 

(9)  r Char 
s Total 


Basis:  100  lb  Coal | Basis:  1 Hour's  Operation 


N . Mols  Mol /Frac t . Mol /wt . Lb 


n . Mol s 
1 


1 

NA 

i 

28.010 

44.010 

2.016 

28.016 

34.076 

1 .000 

— 

18. 106 

— 

NA 

NA 

Note:  73i/72i  = 761/71  i = W(Coal)/100 

711/721  = 761/731  = 751 


fTiCiiDIlC  PA'lii  iTIUL^D 


i'l  ANT  SCAI  F.  PF.RFORMANCF 
FNFKCY  KFFFCTS 


Basis:  100  lb  coal  or  1.0  hour,  as  noted 


Mechanical  FnerRV 

Basis:  100  lb  Coal 

Basis:  1 Hour's  Operation 

Source  Component 

Bt  u 

kWhr 

Btu 

kWhr 

1 1 cm  Sub . 

00 

O 

mm 

82. 

1 

83. 

1 

Ciimpri'ss  ion 

(hO)  a Oxv  plant 

(bl)  b Airblast 

(sj)  c Raw  fuel  ^ 

mi*  d Misc. 

e Tot  a 1 

*ns 

Ri'coverv  K.xpansion 
(b4)  f Fuel  jtas 

(bl)  g Steam 

h Total 

Net  Demand 

(e.h)  j Flee  trie  p 

wr  ' 

I Heat  Release  Fffects:  ProRresslve  combustion  of  coal  to  final  products. 


( 14) 

k 

Sweet  pas 

( lb) 

1 

H^S 

( 51) 

m 

Reactor 

(IHl 

n 

Char 

C”) 

Tota  1 

(in 

p 

Coal 

Tot  a 1 

F.nerttv 

to  Plant 

( i .p) 

'1 

Note:  H2  /80  = 81/81.  = W(Coal)/100 

^ i * ^ -1 

81, /80,  = 83. /82,  = 0.29281  x 10 
11  1 1 


*See  Table  2-1. 
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fTECiiDIiG  PACia  HLArJK-NOT  ij'ILIl^D 


PLANT  COSTS 


Cajiital  Costs 

SI  000 

Oxvi'en/Ai  r Plant  : 

(«S) 

f(N,  + N.)  / (Ny  + N°)T 

k 1 k 1 X 1 

a 

S 

(7i  ) (73,)  (Sot*  Notr) 

r cl 

Cns  i f ic  a t i on  Modu 1 c : 

(SB) 

[n,,  / X 

f-2 

(73  ) (see  note) 
<1 

Comprt  ss  i on  / F.xpans  i c>n  : 

( / ) X = 

i S 7 ) 

("Nj.7i^  ) X C^' 

^’3 

(73  ) (see  note) 
o 

Has  Treatment  Modnle: 

1-t  x[  - l)x{l-  xln 

> - / -d2L_ 

m 

f 1 + a X [W  (s)  - W^(S)J)  X ( 1 - b X In 
(1  o 

e(S0,)/e  (sn,)  X ” 

(I7a)*  (7)  (i7b)* 

(See  Oeslpn  Basis) 

"a 

(SR) 

*Sff  T.-ible  2-1. 

Note:  Value.s  for  C° , for  the  nominal  cases,  are  in  the  Final 

Report,  Appendix  F. 


I’ri'p.ir.u  ion  Miuiulo: 
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Fuel  Gas  Produc^t  ion  over  2S  Years,  based  on  hourly  rates 

[ - X 1,163  - ] X 0.  197  X 10^’  ^ 

[()^  (Sweet  Gas)  - W^(evap)  x 3,163  - (){Clatis)]  x 0.197  x lO*’ 

(82k)  (20)  (19)* 

(99) 

FQ(PG) 


Next  use  the  Discounted  Costs  of  Gas  Production  form  provided 
for  summing  discounted  future  costs. 


Note  1:  Capital  costs  of  the  nominal  piant,  C^ , are  in  the  Final  Report. 

*See  Table  2-1. 
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DISCOUNTED  COSTS  OF  GAS  PKODUCTION 

I 


line 

S>jmber 

Ct»st  Element 

Differ- 
ent tal 
Inf lat ion 
Rate 

Project 

Year 

Amount , Thousands 

of  Dollars 

Discount 

Discounted 
Cost , 
Thousands 
of  Dollars 

One  Time 

Recurring 

Factor 

U) 

First -Year  lions  t rurt  Ion 

*0 

2 

17T 

. 

0.867 

(2) 

Second' Year  Const  rui lion 

3 

■\i*X 

0.  788 

( 1> 

Third-Year  Construction 

4 

49X 

0.717 

(-) 

# Total  Investment 

• 

(^) 

C.>al 

- 

5-29 

W.268 

! 

(M 

Electricity 

5-29 

U.05; 

(D 

Operating  labor  and  Materials 

-0 

S-29 

6.505 

(«) 

• Total  Operating  Costs 

• • 

(*); 

® Total  Project  Costs 

• 

<'0) 

Fuel  Oil  Alternative 

♦s 

5-29 

18.h31 

--  j 

(ID  tneigv  Available  over  /S  yeara,  billions  of  Btu 

(12)  Product  <.*ft  Unit  Cost,  S/mllllon  Btu  (line  9 divided  bv  line  11) 

(11)  Fuel  Oil  Alternative  Unit  Cost,  $ million  Htu  (line  10  divided  by  line  11) 


: 14)  Savlngs/Investaent  Ratio,  SIR  • (line  10  - lint-  Bj/llnt-  4 
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tSTIMATING  PROCIDURE  1%0RK  SHEET  FOR  EFFECTSOF  FUEL  CHANGES 
ON  industrial  saturated  STL  am  BOILER  PERFORMANCE 
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ESTIViATING  PROChUURF  V.ORK  SHFET  FOR  EFFEC1SOF  FUFl  CHANGES 
ON  INDUSTRIAL  SATURATED  STE  AV  BOILER  PERFORMANCE 
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